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ADRENAL  WEIGHT-MAINTAINING  FACTORS 
OTHER  THAN  A(TH  IN  A  BEEF 
PITUITARY  EXTRACT 

JONATHAN  T.  LANMAN  and  JENNY  DINKHSTEIN 

Department  of  Pediatrics,  Xew  York  I'niversity-Bellevue  Medical  Center,  New  York 

ABSTRACT 

It  has  been  reported  that  an  alkaline  extraet  of  beef  pituitary  glands  eon- 
tained  an  adrenotropic  factor  which  was  potent  in  influencing  adrenal  weight 
but  relatively  poor  in  causing  adrenal  aseorbic  acid  depletion.  We  have  prepared 
and  tested  sueh  an  extract  and  believe  that  our  preparation  eontained  at  least 
two  types  of  activity,  each  capable  of  maintaining  adrenal  weights  in  hypophj-- 
seetoniized  rats.  These  two  types  of  activity  appeared  to  be  identifiable  with  the 
activities  of  two  recognized  pituitary  hormones:  luteinizing  hormone  (LH)  ami 
growth  hormone  (GH).  Xo  dissociation  of  .VCTH  into  an  adrenal  weight  main¬ 
taining  factor  and  an  adrenal  ascorbic  acid  depleting  factor  need  be  postulated 
to  explain  our  results. 

WHEN  various  preparations  of  ACTH  are  compared,  eciuivalent 
amounts  as  measured  by  the  ascorbic  acid  depletion  method  do  not 
always  produce  equivalent  results  in  adrenal  weight  maintenance  tests  (1, 
2,  3).  Such  observations  have  led  Young  (4)  to  suggest  that  ACTH  may  be 
compo.sed  of  two  factors,  one  causing  ascorbic  acid  depletion  (AA)  and  one 
influencing  adrenal  weight  (AW).  We  have  been  interested  in  the  postu¬ 
lated  AW  factor  because  of  our  intere.st  in  the  human  fetal  adrenal,  which 
is  .strikingly  enlarged  by  adult  standards  during  intrauterine  life.  The  factor 
responsible  for  its  prenatal  growth  is  unknown,  and  we  believed  that  a 
greater  knowledge  of  the  AW  factor  might  suggest  the  nature  of  the  tropic 
influence  responsible  for  fetal  adrenal  enlargement.  Da.sgupta  and  Young 
(o)  reported  that  an  alkaline  extract  of  beef  pituitaries  was  rich  in  AW  and 
relatively  poor  in  AA.  We  have  therefore  attempted  to  determine  the  na¬ 
ture  of  the  AW  factor  in  such  an  extract.  We  believe  that  we  have  evidence 
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of  at  least  two  types  of  activity  in  our  preparation,  each  of  which  was  capa¬ 
ble  of  maintainiiifi  adrenal  weight  in  hypophysectomized  rats.  These  two 
types  of  activity  appeared  to  he  identifiable  with  the  activities  of  two 
recognized  pituitary  hormones:  luteinizing  hormone  (LH)  and  growth  hor¬ 
mone  (CIH).  We  believe  it  is  therefore  unnecessary  to  postulate  any  separa¬ 
tion  of  ACTH  into  AW  and  AA  factors  in  order  to  explain  the  action  of  our 
alkaline  extract  of  beef  pituitaries  on  the  adrenal. 

METHODS 

Prepnration  of  Pituitory  Extraet  (PE).  .Vpproximatcly  900  srams  of  beef  ijituitarics 
wore  frozen  promptly  on  nnnoval  from  the  animals.  The  material  was  snhsefjuently 
kept  eoM  until  the  final  frozmi-dried  product  was  obtaiiu'd.  The  anterior  lobes  wen* 
separated  manually  from  the  post(“rior  lob(>s  after  partial  tbawins.  yii'ldinn  .500  sin.  of 
anterior  lobe  tissue.  This  was  ground  in  sand  and  1  liter  of  normal  saline.  The  j)H  was 
adjusted  to  S..5.  The  material  was  centrifuged,  and  the  su|)ernatant  filtered  through  a 
Buchner  funnel.  The  filtrate  was  n'centrifuged  at  9000 X(»  and  the  supernatant  dried 
in  a  freeze-dryer,  yielding  1.5.S  gm.  of  j)owder.  'I'he  material  was  stf)red  in  a  desiccator 
until  used.  The  abbreviation  BK  ajjplies  only  to  this  i)re|)aration. 

Ascorbic  acid  deph'tion  assays  wen*  run  by  the  methoil  of  Sayers  and  coworkers  (0); 
hypophysectomized  rats  were  obtain(*<l  from  the  Hormone  Assay  Laboratories,  Chi¬ 
cago.  Gonadotropin  assays  w(*n*  madi*  by  the  ovarian  h3’p(*remia  method  of  Albert 
and  Berkson  (7).  Adn*nal  weight  maintenan(*e  t(*sts  wen*  run  in  40-da.v  old  male  hv- 
implyvsectomized  and  h3'i)oi)h3S(*ctomized,  castrate  rats  of  the  C'harles  River  strain, 
Ca(*sarian  derived,  obtain**d  from  the  C'harles  River  Breeding  Laboratories.  Kach  rat 
received  a  subcutaneous  injection  of  0.3  cc.  three  times  dail.v  (approximat(*l\’  9:30  a.m., 
noon,  and  4  p.m.)  for  eight  da.vs,  b(*ginning  two  davs  aft(*r  oi)eration.  The  animals  w(*n* 
then  sacrificed  and  the  a<lrenals  weighed  and  then  fixed  in  formalin  for  histological  sec¬ 
tion. 

In  all  animal  exp(*riments.  animals  wen*  assigned  to  treatment  groui)s  and  (wlu*r(! 
api)ropriate)  to  individual  cages  bv  random  numb«*rs.  and  n*sults  were  obtained  without 
knowh*dge  of  the  tn*atm(*nt  involved.  Each  treatment  grouj)  contained  li  to  7  animals. 

Chorionic  gonadotropin  (C'G)  was  a  commercial  prei)aration  obtained  from  human 
pregnancv  urine  and  kindlv  sui)i)lied  bv  Dr.  .V.  Stanle.v  C’ook  of  .y^-erst  Laboratories. 
It  contained  122.5  i.u.,  mg.  CG  activity-  and  less  than  0.3  mu.  mg.  .VC'TH  activit.v  as 
m(*asun*d  bv  ascorbic  acid  d(*pletion.  .\CTH  was  kindlv  supi)lied  b\’  tlu*  Ci)john  Co. 
GH  was  a  highlv  i)urifi(*d  bovine  pn*i)aration  suppli«*d  as  a  gift  bj’  the  Endocrinology 
Study  Section  of  the  National  Institutes  of  Health.  Data  supplied  with  the  GH  (NIH- 
IiGH-1),  indicated  that  it  contained  less  than  O.Ofi  mu.  (I’.S.P.),  mg.  AC'TH,  and  no  de- 
detectabh*  LH  activit.v  when  test(*d  in  immatun*  male  rats  (total  dose*,  1.5  mg.  over  4 
da.vs). 

RESULTS 

Assa.v  of  PI]  l).v  the  ovarian  hvperemia  metliod  revealed  tliat  i)  mg.  eon- 
tained  activit.v  equivalent  to  that  of  7.5  i.u.  CG  (95%  confidence  limits: 
4.()-12.5  I.u.  CG  c=),  ACTH  activity  of  PK  by  the  ascorbic  acid  depletion 
assa.v  was  etpiivalent  to  0.(S  mu.  mg;  after  the  preparation  had  stood  for  30 
minutes  in  an  aipieous  solution  acidified  to  pH  3.0  with  MCI,  its  ACTH 
activit.v  was  l.S  mu.  mg.  This  difference  was  not  significant  at  the  5% 
level. 
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Hesults  of  adrenal  weight  maintenance  studies,  together  witli  associated 
body  weight  changes,  are  shown  in  Table  1.  Each  of  the  two  experiments 
was  performed  on  a  single  lot  of  randomized  animals  treated  simultane¬ 
ously.  In  experiment  A  (Table  1)  hypophysectomized  rats  were  used.  PI”, 
was  given  in  a  do.'^e  of  o  mg.,  an  amount  equivalent  to  7.5  i.u.  C(1  and  4 
mu.  ACTH.  This  do.se  produced  a  significant  increase  in  adrenal  weight 
over  control  values.  A  similar  increase  was  obtained  with  9  i.u.  C(l,  but  4.5 
mu.  ACTH  failed  to  produce  a  significant  change.  Pli  produced  body 
weight  increa.ses  of  4.7  gm./day.  None  of  the  otlier  treatments  were  asso¬ 
ciated  with  weight  changes  of  this  order  of  magnitude. 

In  Experiment  B  (Table  1)  using  hypophysectomized,  castrate  rats,  (HI 


Tabi.k  1.  The  effect  of  piti  itary  extract  (PE),  chorionic  c.oxadotroitn  (CO), 

ACTH,  A.NI)  GROWTH  HORMONE  ((IH)  OX  ADRENAL  AND  BODY  WEIGHTS  OF 
HYPOPHY.SECTOMIZED  AND  HYPOPH YSECTOMIZED-CASTRATE  MALE  RATS 


Expprinipiit 

Matprial 

I)osp/riit/(lay 

.\(lrciial 

mean 

Weight 

(mg.)  sstd. 
error  of 
mean 

Change  in 
body  weight 
(gm./day) 

(A) 

Noii-pa.'itratp 

Normal  salino 

O.l)  cc. 

1 1  . 4» 

0.0 

0.0 

PE 

5.0  mu. 

20.8'' ' 

1  .0 

+  4.7 

C(1 

(t  i.r. 

17.8'' 

0.7 

+0.7 

ACTH 

4.5  mr. 

KUO'' 

0.8 

-0.5 

(H) 

(’list  rate 

I’O,  huffer  (pH  (i.85) 

0.0  cc. 

11.4" 

0 . 5 

-1.1 

PE  (pH  0.85) 

5  mu. 

18. :P 

0.8 

+  4.7 

PE  (pH  :uo) 

5  mg. 

10.7' 

0.() 

+  1.0 

(ill  (pH  ().85) 

oO  /HR. 

lO.H' 

1  .0 

+  1.1 

CH  (pH  :{.0) 

50  /ig. 

10.4' 

1  .0 

+0.5 

a-h;  <-(l; 

c-f  P<0.01. 

and  PE  both  produced  significant  increa.ses  in  adrenal  weight  over  control 
values.  Both  also  produced  increments  in  body  weight,  although  the  incre¬ 
ment  with  PE  (4.7  gm.  day)  was  considerably  greater  than  that  produced 
by  50  mK-  CH  (1.1  gm./day).  This  dose  of  GII  produced  an  unexpectedly 
small  effect  on  body  weight  in  these  studies.  We  believe  this  was  cau.sed  by 
the  in.solubility  of  the  preparation.  Despite  various  attempts,  no  clear  .solu¬ 
tion  could  be  attained,  and  we  believe  the  physiologic  activity  may  have 
suffered.  PE  and  (HI  in  aqueous  medium  acidified  to  pH  5.0  at  least  50 
minutes  before  administration  had  approximately  the  same  effect  on  ad¬ 
renal  weight  as  when  given  at  pH  0.85,  but  produced  less  of  an  increase  in 
body  weight  (1.9  and  0.5  gm.,  day  respectively). 

Histological  .sections  of  the  adrenals  stained  with  Sudan  revealed  a 
sudanophobic  zone  beneath  the  glomerular  zone  in  glands  from  animals 
treated  with  PE  (Fig.  1),  CG,  xVCTH  in  the  do.se  used,  and  (HI  (Fig.  2)  as 
well  as  in  control  animals.  Sections  of  testis  showed  that  the  interstitial  cells 
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were  prominent  in  animals  treated  with  PE  and  CG,  and  were  atrophic  in 
control  animals. 


DISCUSSION* 


We  have  sought  an  explanation  for  the  adrenal  weight  maintaining  po¬ 
tency  of  a  crude  beef  pituitary  extract  (PE)  which  appeared  to  contain 
little  ACTH  as  measured  in  the  adrenal  ascorbic  acid  depletion  assaj*.  Hor- 


Fig.  1.  Treatment  with  an  alkaline  extract  of  beef  pituitaries  failed  to  eliminate  the 
suhKlomerular  sudanophobic  zone  in  the  adrenals  of  hypophysectomized  male  rats. 
(Sudan  stain,  X128) 


Fig.  2.  Treatment  with  growth  hormone  failed  to  eliminate  the  subglomcrular 
sudanophobic  zone  in  hypophysectomized  male  rats.  (Sudan  stain,  X128) 
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mones  that  were  possibly  present  in  the  crude  extract  and  that  have  been 
reported  previously  to  influence  adrenal  weight  were  (1)  ACTH,  (2)  gona¬ 
dotropins  and  (3)  GH.  We  believe  we  have  shown  that  ACTH  contained  in 
PE  was  not  responsible  for  the  observed  effects,  but  that  PE  contained 
sufficient  gonadotropin  and  GH  to  influence  adrenal  weights  to  the  extent 
demonstrated. 

ACTH :  The  ACTH  content  of  PE  measured  in  tlie  ascorl)ic  acid  deple¬ 
tion  assay  was  insufficient  to  produce  the  observed  changes  in  adrenal 
weight.  In  the  dose  given,  PE  contained  4  mu.  ACTH  activity;  previous 
work  (8)  has  shown  that  the  minimum  dose  reciuired  to  increase  adrenal 
weight  significantly  in  our  experimental  procedure  was  between  25  and  75 
mu.  However,  it  has  been  postulated  that  .ACTH  may  exist  in  a  form  po¬ 
tent  in  influencing  adrenal  weight  but  relatively  poor  in  ascorbic  acid  de¬ 
pleting  potency.  A'oung  believed  that  such  an  .AW  factor  existed  in  the 
alkaline  beef  pituitary  extract.  In  his  studies  (9),  hypophysectomized  rats 
treated  with  this  material  had  adrenals  in  which  a  sudanophobic  zone  was 
lacking.  This  zone  appears  in  the  adrenals  of  hypophysectomized  rats  and 
is  believed  to  disappear  only  under  the  influence  of  .ACTH ;  it  is  a  more  sen¬ 
sitive  indicator  of  the  presence  of  ACTH  than  is  the  adrenal  weight  (10). 
In  our  studies  of  animals  treated  with  PE,  a  sudanopliobic  zone  was  pres¬ 
ent,  suggesting  that  .ACTH  could  not  account  for  the  adrenal  changes  in 
our  animals.  The  cause  for  this  difference  between  A'oung’s  pituitary  ex¬ 
tract  and  our  own  was  not  apparent;  as  far  as  we  know,  it  was  the  only 
instance  in  which  different  results  were  obtained  where  parallel  observa¬ 
tions  have  been  made  with  the  two  preparations. 

Dasgupta  and  Young  (5)  have  recently  reported  that  the  .ACTH  content 
of  their  alkaline  pituitary  extract  as  measured  by  ascorbic  acid  depletion 
could  be  increased  by  treatment  with  acid.  We  have  some  evidence  of  a 
similar  increase  on  acid  treatment  of  PE,  although  the  difference  was  not 
significant  at  the  5%  level.  However,  the  .ACTH  content  of  the  acid-treated 
material  was  still  below  the  amount  required  to  influence  adrenal  weight, 
and,  on  histological  examination,  a  sudanophobic  zone  was  again  present. 
We  believed,  therefore,  that  neither  .ACTH  nor  a  possible  precursor  could 
explain  the  adrenal  changes  seen  in  these  studies. 

Gonadotropin:  The  mechanism  by  which  CG  and  other  gonadotropins 
with  LH  activity  influenced  adrenal  weight  has  been  previously  clarified 
(8).  The  gonadotropins  did  not  act  directly  on  the  adrenal.  Instead,  they 
stimulated  the  interstitial  cells  of  the  testis  to  secrete  a  product  which 
acted  on  the  adrenals  to  maintain  their  weight  in  freshly  hypophysecto¬ 
mized  male  rats.  In  castrate,  hypophysectomized  rats,  gonadotropins  were 
ineffective,  but  in  these  animals  testosterone  propionate  maintained  ad¬ 
renal  weight.  The  maximum  effect  of  gonadotropins  and  testosterone  ap¬ 
peared  to  be  a  partial  prevention  of  involution  of  the  adrenal  (Fig.  3).  We 
have  no  evidence  that  these  preparations  increased  adrenal  weight  in 
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freslily  hypophwsectomized  rats,  and  neither  CCJ  nor  testosterone  was 
capable  of  significantly  increasing  adrenal  weights  of  hypophysectomized 
rats  in  which  the  adrenal  had  been  permitted  to  involute  before  treatment 
was  begun. 

PH  contained  sufficient  material  with  gonadotropic  activity  to  produce 
the  observed  changes  in  adrenal  weight  in  hypophysectomized  male  rats. 
However,  PH  was  equally  effective  in  hypophysectomized,  castrate  rats,  a 
test  animal  in  which  gonadotropins  were  ineffective.  This  finding  sug¬ 
gested  that  a  second  adrenotropin  was  present.  With  PH  containing  two 


Fig.  3.  The  partial  prevention  of  ad¬ 
renal  involution  in  hypophj-seetomized 
male  rats  treated  with  chorionic  gonado¬ 
tropin  (CG)  and  testosterone  propionate 
(TP)  as  compared  with  control  animals 
treated  with  normal  saline  (XS)  and  with 
intact  control  animals. 
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possible  factors  acting  simultaneously,  we  were  unable  to  determine 
whether  the  gonadotropin  was  the  actual  cause  of  adrenal  weight  main¬ 
tenance  in  the  non-castrate  animals,  though  we  believe  that  the  gonado¬ 
tropin  was  potentially  capable  of  producing  the  observed  adrenal  weight  re¬ 
sponse  and  must  be  regarded  as  an  adrenal  weight-maintaining  factor  in 
pi<:. 

Growth  Hormone:  Our  attention  was  directed  to  GH  as  a  possible  .second 
adrenal  weight  factor  in  PH  because  of  the  striking  weight  gains  in  hypophy¬ 
sectomized  animals  treated  with  this  material.  Several  investigators  have 
found  that  various  preparations  of  GH  influence  adrenal  weight  (9,  11,  12) 
and  we  have  confirmed  this  in  castrate,  hypophysectomized  male  rats,  a 
test  animal  in  which  gonadotropins  were  ineffective.  Li  (11)  believed  that 
the  effect  of  GH  on  adrenal  weight  was  usuallj'  less  than  that  which  would 
have  been  expected  from  a  proportionate  participation  of  the  adrenal  in  the 
general  body  weight  increase  caused  by  GH.  He  found  that  after  prolonged 
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treatment  the  absolute  weights  of  the  adrenal  were  fairly  uniform  despite 
differences  in  total  ))ody  weight  produced  by  variations  in  the  length  of 
treatment.  In  our  studies  on  freshly  hypophysectomized  rats,  the  effect  of 
(iH  appeared  to  be  largely  one  of  maintenance  of  adrenal  weight  at  ap¬ 
proximately  the  level  found  at  the  beginning  of  treatment  (Fig.  4) ;  we  have 
found  in  other  experiments  that  (JH  had  a  limited  capacity  to  increase  ad¬ 
renal  weights  in  hypophy.sectomized  rats  with  already  atrophic  adrenals, 
but  we  have  not  been  able  to  produce  adrenal  weights  in  excess  of  those 
found  at  the  time  of  hypophysectomy.  We  have  examined  our  results  with 


Fig.  4.  The  jiartial  im'vcntion  of  ad¬ 
renal  involution  in  hypophysectomized 
male  rats  treatial  with  growth  hormom* 
(GH)  and  an  alkaline  extract  of  beef 
pituitary  glands  (PE)  as  compared  with 
control  animals  treati'd  with  phosphate 
buffer  and  with  intact  control  animals. 
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adrenal  weights  expre.ssed  as  mg.  100  gm.  body  weight  and  have  not  been 
led  to  a  different  interpretation  of  the  effect  of  CJH  on  the  adrenal. 

Young  has  suggested  that  growth  hormone  preparations  carry  a  poten¬ 
tially  .separable  component  influencing  adrenal  weight  (AW).  Thus  far,  at¬ 
tempts  to  separate  AW  from  (iH  have  failed  (13)  and  we  believe  that  at 
present  the  adrenotropic  effect  must  be  regarded  as  an  effect  of  (JH  it.self. 

Conclusions  regarding  the  effect  of  CH  on  the  adrenal  appeared  to  be 
applicable  to  PE,  since  PE  gave  evidence  of  containing  CH  by  producing 
large  weight  gains  in  hypophy.sectomized  rats.  The  effects  of  PE  on  the  ad¬ 
renal  were  .similar  to  those  of  CH;  both  failed  to  eliminate  the  adrenal 
.sudanophobic  zone  and  both  produced  adrenal  weight  changes  of  similar 
magnitude  in  hypophysectomized,  castrate  rats. 

The  evidence  pre.sented  led  us  to  believe  that  there  were  two  adrenal 
weight-maintaining  factors  in  our  alkaline  extract  of  beef  pituitaries.  These 
were  a  gonadotropin  with  LH  activity  and  CH.  In  our  studies  the  effect  of 
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gonadotropin  and  of  GH  was  one  of  maintenance  of  adrenal  weight,  and, 
when  the  two  were  given  together  in  PE,  no  further  increase  was  obtain¬ 
able.  There  was  no  evidence  that  ACTH  or  a  possible  precursor  was  present 
in  sufficient  amount  to  influence  either  adrenal  weight  or  histology,  and  it 
appeared  unnecessary  to  postulate  that  .\CTH  was  separable  into  an  A.\ 
and  .\W  factor.  Similarly,  there  was  little  evidence  to  suggest  that  GH  was 
dissociable  into  factors  separately  influencing  body  weight  and  adrenal 
weight.  It  appeared  unlikely  that  either  GH  or  gonadotropins  acting  in  the 
manner  found  in  these  studies  could  be  important  in  producing  the  striking 
enlargement  of  the  adrenal  gland  which  occurs  normally  in  the  human  fetus. 

Acknowledgment 

We  wish  to  acknowledge  the  help  of  Mrs.  Lee  Herrera  of  the  Department  of  Medical 
Statistics,  New  York  L’niversity,  in  interpreting  these  studies. 

REFERENCES 

1.  Rkinhardt,  W.  O.  and  C.  H.  Li:  Proc.  Soc.  Exper.  Biol.  &  Med.  77:  229.  19.51. 

2.  Thompson,  R.  E.  and  J.  D.  Fisher:  Endocrinology  52:  496.  1953. 

3.  Moyer,  W.,  J.  Van  der  Scheer,  H.  Ritter,  W.  C.  Tesar,  J.  B.  Logan,  J.  .1. 
Oleson,  and  H.  R.  Cox:  Proc.  Soc.  Exper.  Biol.  &  Med.  79:  1.  19,52. 

4.  Young,  F.  G.:  .\drenal  Cortex.  E.  P.  Ralli.  Editor.  Trans.  Fifth  Conf.  New  York, 
Josiah  Macy,  Jr.,  Foundation,  1954,  p.  97  ff. 

5.  Dasgupta,  P.  R.  and  F.  G.  Young:  Nature  182:  32,  1958. 

6.  Sayers,  M.  G.  Sayers  and  L.  .\.  Woodbury:  Endocrinology  42:  379,  1948. 

7.  .\lbert,  .\.  AND  J.  Berkson:  j.  Clin.  Endocrinol.  11:  805,  1951. 

8.  Lanman,  j.  T.  and  j.  Dinerstein:  Endocrinology  64:  494,  1959. 

9.  Dixon,  H.  F.  B.,  M.  P.  Stack-Dunne  and  F.  G.  Young:  X'ature  168:  1084,  1951. 

10.  Simpson,  M.  E.,  H.  M.  Evans,  and  C.  H.  Li:  Endocrinology  33 :  261,  1943. 

11.  Li,  C.  H.:  .\cta  Endocrinol.  10:  255,  1952. 

12.  Selye,  H.:  .Adrenal  Cortex.  E.  P.  Ralli,  Editor,  Trans.  Fourth  Conf.  New  York, 
Josiah  Macy,  Jr.,  Foundation,  1953,  p.  39  ff. 

13.  Stack-Dunne,  M.  P.:  Ciba  Foundation  Colloquia  on  Endocrinology  5:  133,  1953. 

14.  Lazo-Wasem,  E.  .\.,  J.  Michalski  and  C.  E.  Graham:  Endocrinology  63:  831, 
1958. 


THE  ('ORPUS  LUTEUM-PITUITARY  RELATIONSHIP:  THE 
ASSOC'IATION  BETWEEN  THE  CLAUSE  OF  LUTEOTRO- 
PHIN  SECRETION  AND  THE  CAUSE  OF  FOLLICULAR 
QUIESCENCE  DURING  LACTATION;  THE  BASIS 
FOR  A  TENTATIVE  THEORY  OF  THE 
CORPUS  LUTEUM-PITUITARY  RE¬ 
LATIONSHIP  IN  THE  RATI 
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I)i  parlmettl  of  Obstetrics  and  Gynecology,  Western  Reserve  I  'niversity 
School  of  Medicine,  Cleveland,  Ohio 

ABSTRACT 

The  regulation  of  pituitary  luteotrophin  (LTH)  secretion  was  studied  hj-  in¬ 
vestigating  a)  the  association  between  LTH  secretion  and  follicular  quiescence 
in  lactating  rats,  and  b)  the  maintenance  of  lactation  in  rats  bearing  denervated 
pituitaries.  Follicular  quiescence  was  not  due  to  an  LTH  effect  on  the  ovary, 
since  a)  exogenous  LTH  did  not  alter  the  mouse  uterine  weight  response  to 
exogenous  folliculotrophins  (FSH  and  LH;  abbreviated  as  FTH),  nor  the 
ovarian  autograft  response  of  castrated  rats  to  endogenous  FTH,  and  b)  pseudo¬ 
pregnant  and  laetating  rats’  ovaries  responded  to  exogenous  FTH  as  well  as 
those  of  cycling  rats.  That  follicular  quiescence  was  therefore  probably  due  to 
FTH  suppression  was  confirme<l  by  the  following.  Ovarian  autografts  in  cas¬ 
trated  lactators  with  large  litters  grew  much  less  than  did  those  of  castrated 
post- parturient  rats  deprived  of  their  litters.  Castration  did  not  increase  the 
pituitary  FTH  potency  of  lactators  nursing  large  litters.  That  FTH  suppression 
was  proportional  to  litter  size  was  shown  by  the  following.  The  interval  to  first 
estrus  in  intact  lactators  and  in  castrated  lactators  bearing  ovarian  autografts 
increased  with  the  size  of  the  litter;  ovarian  autotransplant  growth  increased 
with  decrease  in  litter  size.  Castrates  deprived  of  their  litters  and  castrates  nurs¬ 
ing  2-pup  litters  showed  the  same  increase  in  pituitary  FTH  potency.  That 
FTH  suppression  did  not  cause  LTH  secretion  was  shown  by  the  following.  In¬ 
tact  and  castrated  lactators  with  small  litters  showed  very  little  or  no  suppres¬ 
sion  of  FTH,  but  secreted  enough  LTH  to  maintain  milk  secretion  for  normal 
pup  growth.  That  LTH  secretion  was  not  continuous  was  shown  by  the  facts 
that  about  50%  of  rats  deprived  of  their  litters  shortly  after  delivery  became 
pseudopregnant,  while  100%  of  rats  suckling  1-pup  litters  became  pseudopreg¬ 
nant  (other  evidence  supporting  the  discontinuity  of  LTH  secretion  was  also 
cited).  Lactation  was  maintained  in  oxytocin-treated  hypophysectomized  rats 
bearing  pituitaries  autotransplanted  beneath  the  kidney  capsule;  oxytocin  was 
shown  in  another  study  not  to  stimulate  LTH  secretion.  This  experiment  thus 
demonstrated  that  LTH  secretion  did  not  depend  on  stimulation  from  the  CXS. 
These  results  appeared  t*)  support  a  hypothesis  that  a  C’NS  influence  inhibits 
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LTH  secretion,  that  another  CX8  influence  stimulates  FTH  sec^retion,  and 
that  suckling  suppresses  both  CXS  influences.  An  attempt  was  made  to  apply 
the  princij>le  of  this  explanation  to  an  anal3r6is  of  pspurtopregnaney  aiiinTiiT 
corpus  luteum-pituitary  relationship  in  the  rat. 

The  ultimate  aim  of  the.se  studies  is  the  understanding  of  the  corpus 
luteum-pituitary  relationship  and  its  connection  with  the  regulation  of 
the  ovulation  cycle.  The  determination  of  the  factors  that  control  luteo- 
trophin  secretion,  and  tho.se  that  limit  the  viability  of  the  corpus  luteum, 
was  considered  e.ssential  to  this.  In  the  course  of  this  and  other  studies  on 
the  regulation  of  luteotrophin  .secretion,  clues  to  some  of  the  factors  that 
affect  corpus  luteum  viability  appeared,  .some  of  which  will  be  de.scribed 
here  briefly.  Their  detailed  pre.sentation,  however,  will  be  left  for  a  later 
paper. 

The  definition  of  several  terms  at  this  point  will  be  of  help  in  this  and 
other  papers.  Luteotrophin  (LTH)  is  used  throughout  as  synonymous 
with  prolactin  or  lactogenic  hormone;  detailed  reasons  for  this  choice  may 
be  found  in  White  (1).  FSH  and  LH  are  designated  by  the  generic  term 
“folliculotrophins,”  for  which  the  abbreviation  FTH  is  used.  The  purpose 
of  this  is  to  facilitate  discussion  of  the  differences  between  the  folliculotro- 
phins  and  LTH  in  their  relations  to  both  the  central  nervous  system  (CNS) 
and  their  target  organs,  without  having  to  specify  which  of  the  two  hor¬ 
mones  is  involved,  and  in  what  proportion  with  the  other.  The  generic 
term  is  a  desirable  and  necessary  tool  for  discussion,  since  in  many  instances 
specificity  in  relation  to  these  problems  is  impossible.  The  avoidance  of  the 
term  “hypothalamus,”  in  reference  to  the  CXS  is  purely  intentional.  The 
postulated  CXS  influences  over  FTH  and  LTH  secretion  may  be  in  the 
hypothalamus,  but  until  it  can  be  shown  that  no  other  part  of  the  CXS  is  in¬ 
volved  in  this  control,  it  is  best  to  avoid  specificity  here  as  well. 

The  experiments  described  in  this  paper  were  undertaken  primarily  to 
determine  how  the  .secretion  of  LTH  is  regulated.  Most  of  them  attacked 
the  possible  cau.ses  of  the  follicular  quiescence  that  accompanies  LTH  se¬ 
cretion  in  the  rat  during  lactation.  The  reason  for  this  was  as  follows.  Follic¬ 
ular  (juiescence  during  lactation  could  be  due  either  to  the  inhibiting  effect 
of  LTH  (or  the  conditions  under  which  it  is  secreted)  on  the  ovary’s  re¬ 
sponse  to  FTH  stimulation,  or  to  the  .suppre.s.sion  of  FTH  secretion.  If  the 
latter  explanation  is  correct,  three  po.ssible  reasons  may  be  postulated  for 
its  a.s.sociation  with  LTH  secretion:  1)  the  .stimuli  that  lead  to  LTH  secre¬ 
tion  also  cau.se  suppres.sion  of  FTH  secretion;  2)  the  suppre.s.sion  of  FTH 
secretion  itself  directly  causes  the  secretion  of  LTH;  and  3)  LTH  is  always 
being  secreted,  but  the  factors  that  appear  to  .stimulate  if  actually  cause 
only  the  suppression  of  FTH  secretion.  The  cause  of  FTH  suppression  (pro¬ 
vided  this  is  the  actual  basis  for  follicular  quiescence)  could  thus  be  a  clue 
to  under.standing  the  regulation  of  LTH  .secretion,  since  the  first  two  of 
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these  reasons  relate  the  cause  of  this  suppression  to  a  specific  cause  of  LTH 
secretion. 

This  aspect  of  the  problem  was  therefore  attacked  along  the  following 
two  main  lines:  a)  tests  to  determine  whether  LTH,  or  the  conditions  under 
which  it  is  secreted,  would  inhibit  the  ovary’s  response  to  FTH  stimula¬ 
tion;  and  b)  a  study  to  determine  whether  quantitation  of  the  suckling 
stimulus,  through  variations  in  litter  size,  would  elicit  differential  effects  on 
FTH  and  LTH  secretion  in  lactating  rats. 

Another  aspect  of  the  problem  involved  the  ability  of  the  pituitary  auto- 
transplanted  to  the  kidney  to  secrete  LTH  (2,  3) ;  this  suggested  that  suck¬ 
ling  does  not  directly  stimulate  LTH  secretion,  but  rather  permits  it  to 
occur,  possibly  by  suppressing  the  activity  of  a  CXS  inhibitor  of  its  secre¬ 
tion.  Everett  has  suggested  (2,  3)  that  such  a  CXS  influence  might  account 
for  the  behavior  of  the  autotransplanted  pituitary.  The  ability  of  hypo- 
physectomized  rats  bearing  autotransplanted  pituitaries  to  lactate  was 
therefore  tested  in  another  .series  of  experiments. 

For  the  sake  of  clarity  of  presentation,  the  discus.sion  of  each  experiment 
or  set  of  experiments  will  be  incorporated  with  the  description  of  the  re¬ 
sults.  The  significance  of  the  results  of  these  studies,  together  with  others 
available  in  the  literature,  for  an  interpretation  of  the  regulation  of  LTH 
secretion  in  general,  and  the  corpus  luteum-pituitary  relationship  in  par¬ 
ticular,  is  considered  in. the  (ieneral  Discussion. 

METHODS  AXD  MATERIALS 

General  experimental  plan.  The  effpot  of  LTH  on  the  ovarj’’s  response  to  FTH  was 
tested  by  observing  1)  the  uterine  weight  increase  of  21  day  old  female  mice  in  response 
to  combinations  of  LTH  and  FTH;  2)  the  interval  from  castration  to  the  first  postoi)era- 
tivp  vaginal  estrus  in  LTH-treated  rats  bearing  autotransplanted  ovarian  tissue;  and 
3)  ovarian  growth  in  response  to  injected  FTH  in  intact  lactating,  pseudopregnant,  and 
cycling  rats. 

The  effect  of  litter  size  on  the  following  end  points  of  FTH  secretion  was  studied:  1) 
the  interval  from  delivery  to  the  first  vaginal  estrus  in  intact  lactating  rats;  2,  a)  the 
interval  from  castration  and  ovarian  autotransplantation,  to  the  first  postoperative 
vaginal  estrus,  and  b)  the  growth  of  the  ovarian  autotransplants  in  these  castrated 
lactating  rats;  and  3)  the  effect  of  castration  on  the  FTH  potency  of  the  pituitaries  of 
lactating  rats. 

The  ability  of  the  denervated  pituitary  to  maintain  lactation  was  studied  in  lactators 
subjected  to  hypoi)hy.sectomy  and  i)ituitary  autotransplantation.  The  details  of  ojx'ra- 
tion  and  further  treatment,  and  the  use  of  pup  growth  as  an  index  of  lactation,  are  given 
below. 

General.  All  rats  were  200  to  .300  gm.  Sprague-Dawley  females  (Holtzman  Rat  Com¬ 
pany,  Madison  Wise.).  Pregnant  females  were  placed  in  isolation  cages  about  3  days 
before  term  and  given  newspaper  scraps  for  nest  building.  Once  or  twice  dail}-  observa¬ 
tions  for  the  time  of  delivery  were  made;  day  1  posti)artum  was  taken  as  the  first  day 
after  delivery.  The  lactating  females  received  no  special  care,  except  for  isolation,  and 
were  not  handled  until  day  1  or  2  postpartum.  At  this  time  they  were  weighed,  and 
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their  litters  were  counted  and  weighed.  From  this  time  until  the  end  of  each  experiment, 
with  very  few  exceptions,  daily  vaginal  smears  were  made  on  each  mother,  at  which 
times  her  litter  was  also  counted,  weighed,  and  observed  for  evidence  of  milk  ingestion. 

Cycling  and  pseudopregnant  rats  were  .selected  and  maintained  for  specific  experi¬ 
ments  under  the  conditions,  criteria,  and  procedures  described  elsewhere  (4).  .\11  rats 
received  water  and  Purina  rat  chow  ad  libitum,  with  3  times  weekly  supplements  of  let¬ 
tuce  anti  celery  greens. 

Specific  procedural  details.  Litter  size.  -\11  litters  were  adjusted  to  the  desired  size  on 
day  1  or  day  2  postpartum. 

Pup  growth.  The  mean  tlaily  increment  in  pup  weight  was  u.sed  in  some  of  the  experi¬ 
ments  dealing  with  the  effect  of  litter  size  on  FTH  secretion.  This  value  was  obtained 
from: 

flitter  weight  at  final  weighing"!  flitter  weight  at  initial  weighing") 

- -  -  -  minus  -  , - -  --  - 

L  number  of  pups  J  L  number  of  pups  J 

[postpartum  day  of  final  weighing]  minus  [postpartum  day  of  initial  weighing] 

In  the  ex|M“riments  dealing  with  the  maintenance  of  lactation  in  ht  pophvsectomized  rats 
bearing  autotransplanted  pituitaries,  jiup  growth  was  compared  in  the  several  experi¬ 
mental  groujis  by  plotting  the  mean  pup  weight  per  litter  against  the  time  after  ojicra- 
tion. 

Vaginal  smears.  These  were  obtained  with  a  medicine  dropper  and  distilled  water, 
and  read  immediately  in  the  fresh  state.  Some  of  the  rats  showed  only  a  single  smear 
of  either  nucleated  or  cornified  epithelial  cells  (rather  than  the  usual  sequence  of  nucle¬ 
ated,  followed  by  cornified,  cells)  at  the  end  of  the  first  postpartum  diestrus.  For  this 
reason,  “estrus,”  in  the  term  “interval  to  first  estrus,”  is  defined  as  the  day  on  which  the 
smear  first  changed  from  leucocytes  to  either  of  the  epithelial  cell  types,  regardless  of 
whether  the  following  day’s  smear  was  again  leucocytic,  or  of  the  estrus  type. 

Gonadotrophin  assays.  Webster-Swiss  white  mice  were  received  from  Rockland  Farms 
at  21  days  of  age;  the  first  injection  of  test  material  was  made  on  the  morning  after  arri¬ 
val.  The  mice  were  housed  in  glass  jars,  with  shavings  for  bottom  cover;  water  and 
Purina  Rat  chow  were  supplied  ad  libitum. 

The  total  administered  dose  of  test  material  was  taken  up  in  a  volume  of  3.0  cc.  of 
saline  per  mou.se  and  administered  in  0.5  cc.  amounts,  subcutaneously,  twice  a  daj-, 
for  3  days.  The  mice  were  killed  by  breaking  their  necks  on  the  morning  after  the  last 
injection;  the  uteri  were  removed,  cleaned,  freed  of  excess  fluid,  and  weighed  on  a  Roller- 
Smith  torsion  balance. 

Collection  of  pituitaries.  The  pituitaries  to  be  as.sayed  were  removed  immediately 
after  death,  freed  of  adherent  blood  on  filter  paper,  and  weighed;  after  discarding  the 
neurohypophysis,  the  adenohypophysis  was  crushed  between  two  clean  glass  slides, 
and  allowed  to  dry  in  air.  All  pituitaries  of  a  given  type  were  collected  together  on  one 
pair  of  glass  slides,  and  were  stored  in  a  desiccator  over  calcium  chloride  except  during 
the  eollection  periods.  After  storage  for  at  least  a  week,  the  dried  material  was  scraped 
off  with  a  sharp  razor  blade,  ground  to  a  fine  powder  in  an  agate  mortar  and  pestle, 
weighed,  and  eith(*r  taken  up  immediatel}-  in  saline  for  injection,  or  replaced  in  the 
desiccator  until  needed. 

FTH  preparations.  The  J'TH’s  tested  by  the  mouse  uterine  weight  method,  in  com¬ 
bination  with  LTH,  were  FSH  125,*  a  purified  but  relatively  weak  FSH-like  preparation 


*  I  am  indebted  to  Dr.  W.  H.  MeShan  of  the  Department  of  Zoology,  University  of 
Wiseonsin,  for  the  supplies  of  FSH  125  and  F  125,  and  to  Dr.  Edward  Reifenstein,  Jr., 
E.  R.  Squibb  and  Sons,  for  the  supplies  of  Pituitarj-  Gonadotrophin  Squibb,  used  in  this 
study. 
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from  sheep  pituitaries;  F  125,-  a  highly  potent  but  unfraetioned  gonadotrophin  prepara¬ 
tion  from  sheep  pituitaries,  and  .Scjuibb’s  Pituitary  Gonadotroi)hin  (SPG),*  a  very  po¬ 
tent,  unfraetionated  preparation  from  horse  pituitaries.  The  two  former  were  available 
as  unsealed  i)owders,  whieh  were  weighed  out  and  suspended  in  saline,  only  as  needed; 
the  latter  eame  in  a  sealed  ampule,  and  was  dissolved  within  the  ampule  with  the*  at¬ 
tendant  diluent.  A  partieular  stoek  solution  of  SPG,  eontaining  100  R.u./ee.,  was  stored 
in  the  refrigerator  for  no  longer  than  4  weeks.  .\  diluted  stoek  solution,  eontaining  10.0 
R.u./ee.  was  made  from  it  eaeh  week,  as  needed.  There  was  no  noticeable  deen'ase  in 
potency  of  any  of  the  preparations  over  the  period  of  time  included  in  the  study. 

The  LTH  used  for  injection  (Experiments  I,  II)  was  a  gift  of  Prolactin  from  the  Endo¬ 
crinology  Stud}'  Section,  National  Institutes  of  Health,  U.S.P.H.S.  It  was  a  highly  puri¬ 
fied  preparation  of  sheep  pituitaries  first  estimated  to  contain  20.0  i.u./mg.,  but  later 
found  to  contain  15.0  i.u.  mg.  Each  ampule  contained  25.0  mg.  of  dried  powder.  This 
was  dissolved  in  6.25  cc.  of  saline,  and  the  resultant  stock  solution  (60.0  i.u./cc.)  used 
in  the  pn'paration  of  the  final  solutions  for  injection.  The  total  volume  of  injection 
fluid  was  mafle  up  from  the  stock  solution  of  the  particular  gonadotroi)hin  being  tested, 
the  stock  Prolactin  solution,  and  sufficient  saline  to  make  up  the  desired  volume  for  each 
group  of  mice. 

Operations.  .Ml  operations  were  done  with  ether  for  anesthesia  and  with  clean,  but 
not  aseptic,  technique.  The  lactating  animals  received  no  special  jjostoperativ^e  care  ex¬ 
cept  that  they  were  allowed  to  recover  thoroughly  from  anesthesia  before  being  replaced 
with  their  litters.  Ovarian  grafts.  Following  surgical  removal  of  both  ovaries,  one  of  them 
was  kept  moist  with  physiological  saline,  dissected  free  of  gross  luteal  ti.ssue,  and  the  re¬ 
maining  stroma  cut  into  4  pieces,  of  roughly  1  mm.  <liameter  each.  The  left  kidney  was 
exposed  and  prepared  as  for  pituitary  transplantation  (see  below),  and  each  piece  of  ovar¬ 
ian  tissue  placed  beneath  the  capsule  in  one  of  the  4  quadrants  on  the  ventral  surface 
of  the  kidney.  Uypophysectomy  and  pituitary  autotransplantation.  Hypophysectomies 
were  done  by  the  parapharyngeal  approach.  The  gland  was  removed  by  gentle  suction, 
and  washed  with  physiological  saline  into  a  trap  bottle  on  the  suction  line,  from  which 
it  was  immediately  removed  and  placed  in  a  small  dish  with  fresh  saline.  The  left  kid¬ 
ney  was  exposed  through  a  flank  incision  and  a  2  mm.  slit  ma<le  in  the  midportion  of 
the  capsule;  through  this  a  small  pocket  was  made  with  a  flattened  glass  rod  on  th(> 
ventral  surface  of  the  kidney  between  the  capsule  and  parenchyma.  The  pituitary  was 
inserted  into  this  pocket,  the  kidney  replaced  carefully  into  the  abdominal  cavity,  and 
the  wound  closed.  No  more  than  three  minutes  clasped  between  the  recovery  of  the 
pituitary  and  the  replacement  of  the  kidney  into  the  abdominal  cavity. 

Because  serial  sections  of  the  pituitary  regions  of  the  hypophysectomized  animals 
wen*  not  made,  a  description  of  the  means  used  to  evaluate  the  completeness  of  hy- 
l)ophj’.sectomy  is  in  order  for  a  proper  interpretation  of  the  results.  Operations  noted  to 
be  complete  were  those  in  which  the  gland  was  recovered  from  the  wash  fluid  in  either 
one  piece  (including  the  neurohypophysis  in  its  normal  relation  to  the  rest  of  the  gland), 
or  with  a  break  in  the  adenohypophysis  along  its  connection  with  the  neurohypophysis. 
In  these  eases  the  latter  was  either  free  in  the  wash  fluid,  or  clinging  to  one  of  the  halves. 
These  broken  glantls  could  be  easily  reconstituted  into  the  entire  gland;  in  every  case  so 
noted,  no  evidence  of  remaining  tissue  could  be  seen  in  the  pituitary  region,  at  autopsy, 
even  with  the  aid  of  dissecting  binoculars  (X15  magnification).  Operations  noted  to  be 
incomplete  were  tho.se  in  which  a  significant  part  of  one  half  or  more  of  the  adenohy¬ 
pophysis  could  not  be  accounted  for  in  the  wash  fluid,  even  though  inspection  through 
the  drill  hole  showed  no  evidence  of  remaining  tissue,  or  those  in  which  the  reconstituted 
l)arts  of  the  gland  showed  signs  of  unusual  tears  or  breakage.  No  animals  of  this  tj'pe 
were  included  in  the  Results. 

Autopsies  and  histologic  preparations.  The  rats  were  killed  with  ether;  if  the  autops}- 
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included  removal  of  the  pituitary  for  gonadotrophic  assay,  this  was  done  before  the  rest 
of  the  autopsj'  was  started.  I’sually,  the  ovaries,  ovarian  or  pituitary  grafts,  vagina, 
uterus,  adrenals,  thyroids,  and  a  portion  of  each  mammary  gland  or  an  entire  set  of 
mammary  glands,  were  removed,  weighed  where  indicated,  and  saved  in  Bouin’s  fluid. 
The  gross  appearance  of  the  ovarian  grafts  was  noted  at  autopsy,  and  the  entire  kidney 
then  placed  in  Bouin’s  fluid  until  the  rest  of  the  autopsy  was  completed.  The  grafts  were 
then  easily  peeled  off  the  now  somewhat  toughened  capsule,  immediately  weighed  as  a 
group,  and  replaced  in  Bouin’s  fluid.  The  fixed  tissues  were  embedded  in  paraffin,  cut  at 
10  (i,  and  stained  with  Harris’  hematoxylin  and  eosin.  Further  pertinent  details  of  pro¬ 
cedure,  including  the  administration  of  oxytocin  (Parke,  Davis’  Pitocin®)  will  be  de¬ 
scribed  with  the  Results. 

RESULTS  AND  THEIR  INTERPRETATION' 

The  Effect  of  LTH  on  the  Response  of  the  Ovary  to 
Folliculotrophin  Stimulation 

Experiment  /.  The  effect  of  LTH  administered  together  with  FTH  on  mouse 
uterine  weight.  One  hundred  and  thirty-three  mice  were  injected  with  FSH 
125,  146  mice  with  F  125,  and  159  mice  with  Squibb’s  Pituitary  Gonado¬ 
trophin  (SPG).  These  gonadotrophins  were  first  administered  alone  to 
establish  a  dose-response  curve,  and  then  with  various  amounts  of  LTH. 
The  results  are  shown  in  Figures  1,  2  and  3.  Each  curve  represents  a  mini- 


1.0  2.0  3.040  5.0 
FSH  125:  mg  per  MOUSE 


Fig.  1.  The  effect  of  prolactin  (USPHS)  administered  together  with  FSH  125  on  the 
mouse  uterine  weight  response  to  the  latter.  FSH  125  was  a  relatively  weak,  but  pure, 
FSH  from  sheep  pituitaries  (see  Footnote  2).  Its  effect  alone  is  shown  by  the  curve,  and 
in  combination  with  prolactin,  by  the  isolated  symbols.  The  numbers  of  mice  used  at 
each  dose  are  shown  in  parentheses;  tho.se  to  the  left  of  a  given  value  represent  the  pro¬ 
lactin-treated  ones;  the  others  represent  tho.se  treated  with  FSH  125  alone. 
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Fig.  2.  Same  as  P’igure  1,  using 
F  125,  a  potent  unfraetionated 
gonadotrophin  preparation  from 
sheep  pituitaries  (see  Footnote  2). 


PITUITARY  GONADOTROPIN  (Squibb): 

R.U.  per  MOUSE 

Fig.  3.  Same  as  Figures  1  and  2,  using  Pituitary  Gonadotrophin  Squibb  (SPG),  a 
highly  potent,  unfractionated  preparation  from  horse  pituitaries  (see  Footnote  2). 
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mum  of  3  separate  runs,  and  each  LTH-FTH  combination  (with  only  a  few 
exceptions)  the  average  of  at  least  2  runs. 

The  small  increase  in  mouse  uterine  weight  produced  with  2.5  mg.  of 
FSH  125  alone  was  depressed  when  each  of  the  4  LTH  doses  was  added. 
The  greater  response  obtained  with  5.0  mg.  of  FSH  125  alone,  however,  was 
appreciably  depressed  only  with  the  90  i.u.  dose  of  LTH  (Fig.  1).  In  con¬ 
trast  to  this,  none  of  the  LTH  doses  used  with  F  125,  or  SPG,  had  any  ap¬ 
preciable  effect  on  the  responses  (Figs.  2,  3). 

Experiment  II.  The  effect  of  administered  LTH  on  the  interval  to  first  estrns 
in  castrated  rats  hearing  ovarian  autotransplants.  Twenty  adult  cycling  rats 
were  castrated  and  autotransplanted  with  ovarian  tissue  on  the  day  of 
proestrus,  or  on  day  1  of  a  diestrus.  Ten  animals  then  received  each  daily 
injections  of  LTH  (90  i.u.  rat),  administered  in  0  divided  doses  per  day, 
every  4  hours,  and  the  remaining  10,  saline  (0.25  cc.  dose),  in  the  same 
way,  until  the  first  proestrous  or  estrous  smear  appeared.  Each  group  con¬ 
tained  equal  numbers  of  animals  started  at  the  two  different  periods  of  the 
estrous  cycle. 

One  of  the  LTH  treated  rats  showed  her  first  estrous  .smear  6  days  post- 
operatively,  the  remaining  9,  at  7  days.  The  intervals  in  the  saline  treated 
rats  were  3  days  in  one  rat,  6  days  in  5,  and  7  days  in  4.  All  animals  were 
autop.sied  on  the  Sth  postoperative  day.  Nine  of  the  10  .saline-treated  rats 
had  typically  ballooned  uteri,  while  in  the  10th  the  uterus  was  thin-walled, 
but  not  ballooned.  In  the  LTH  treated  group,  8  of  the  animals’  uteri  were 
ballooned,  one  was  thin-walled  but  not  ballooned,  and  one  wa.s  .solid. 

The  ovarian  grafts  of  the  saline-treated  rats  contained  early  corpora 
lutea,  or  early  luteinization  of  medium  and  large  follicles.  In  the  LTH- 
treated  rats,  there  seemed  to  be  more  prominent  thecal  luteinjzation,  and 
fewer  early  corpora  lutea  (F  ig.  4).  F^ollicular  size  in  both  sets  of  transplants 
wa.s  equal. 

Experiment  III.  The  growth  of  ovaries  of  cycling,  pscudopregnant,  and 
laetating  rats  in  response  to  exogenous  FTH.  Twenty-.seven  lactating,  2() 
pseudopregnant,  and  53  cycling  rats  were  injected  with  Squibb’s  Pituitary 
Gonadotrophin  (SPG).  Nine  lactating,  13  pseudopregnant,  and  15  cycling 
rats  served  as  uninjected  controls.  SPG  was  injected  over  the  range  of  5  to 
25  R.u.  in  the  lactating  and  the  p.seudopregnant  rats,  and  over  the  range  of 
2  to  32  R.U.,  total  do.se  rat  in  the  cycling  rats.  Injections  were  started  in  the 
cycling  rats  on  day  2  of  a  diestrus,  in  the  p.seudopregnant  rat  on  day  4  of  the 
diestrus,  and  in  the  lactating  rats  on  day  10  postpartum.  The  total  dose  was 
administered  to  each  rat  in  (i  divided  do.ses,  given  twice  a  day  for  3  days; 
autopsy  took  place  on  the  morning  after  the  last  injection.  lOach  injection 
was  made  in  a  volume  of  0.5  cc.  of  .saline.  At  autopsy,  the  ovaries  were  care¬ 
fully  dissected,  and  weighed  immediately  on  a  Holler-Smith  torsion  bal¬ 
ance. 

The  mean  ovarian  weight  at  each  dose  of  SPG  for  the  3  groups  of  rats  is 


Fig.  4.  Low  power  (X80)  photomierographs  of  ovarian  autotransplants  in  eastrateii 
cj-clers;  castration  and  autotransplantation  on  day  1  of  diestrus,  and  autopsy  8  days 
postopcrativcly.  A)  saline  treated  control;  B)  treatment  with  90  i.u.  prolactin/ day  from 
operation  to  autopsy.  Both  animals  showed  a  7  day  interval  to  first  postoperative  estrus, 
and  ballooned  uteri  at  autopsy.  The  saline  treated  animal’s  graft  shows  very  early 
luteinization  of  two  large  follicles;  the  prolactin  treated  one’s,  a  marked  degree  of  thecal 
luteinization. 

shown  in  Figure  5.  The  8  curves  were  essentially  the  same,  although  the 
somewhat  steeper  slope  of  the  cyclers’  curve  at  the  lower  do.se  levels  may 
have  reflected  a  .somewhat  greater  sen.sitivity  of  their  ovaries  to  exogenous 
folliculotrophins. 

;  The  vaginal  smears  of  all  SPG  injected  lactators  remained  unchanged 

I  (leucocytes  only)  up  to  and  including  the  day  of  autopsy.  Pup  growth  was 

I  al.so  unaffected  (Table  1).  Xo  appreciable  change  from  their  previous 

I  vaginal  smear  patterns  was  noted  in  the  injected  cycling  rats.  However,  de- 

]  partures  from  the  typical  daily  leucocytic  smear  of  pseudopregnancy  was 

I  noted  in  some  of  the  injected  pseudopregnant  rats.  One  of  the  0  rats  in- 

\  jected  with  5  r.u.  showed  a  proestrus-estrus  sequence  on  days  6  and  7  (day 

I  8  of  injection  and  day  of  autop.sy);  8  of  the  7  rats  injected  with  10  r.u. 

I  showed  an  isolated  proestrous  or  estrous  smear  on  day  (5;  similar  smears 

i  were  seen  in  8  rats  on  day  (),  in  the  group  injected  with  1.5  r.u.,  while  two 

I  more  in  this  group  showed  a  proestrus-estrus  .sequence  on  days  5  and  6,  and 
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Table  1.  The  effect  of  treatment  of  intact  lactatinc,  rats  with  Pitcitary 

(JONADOTROI’HIN  (SqCIBB)  ON  THE  GROWTH  OF  THEIR  LITTERS  (FOR  I)F> 

TAILS  REGARDING  I’ROCEDCRES  SEE  ResCLTs;  KxFERIMENT  III) 


Total  dose  SPG /rat  (r.c.) 

0 

5  10 

15 

25 

Number  of  rats 

{) 

()  7 

7 

bitter  size 

Mean  (No.  pups) 

<  .  i 

8.2  8.8 

8.0 

8.8 

Range  (No.  pups) 

4-11 

0-10  7-10 

0-10 

7-0 

Pup  weight  on  day  14  post¬ 
partum 

Mean/litter  (gm.) 

24.!) 

20 . 0  25 . 7 

25.1 

24.7 

Range  of  mean /litter  (gm.) 

21  ..5-28.4 

28.4-28.7  10.0-80 

.8  21.0-88.: 

i  28.0-20.3 

0  and  7,  respectively;  in  the  25  r.u.  group,  one  rat  showed  the  latter  se¬ 
quence  on  days  6  and  7,  and  8  the  isolated  proestrous  or  estrous  smear  pat¬ 
tern  on  day  6.  This  frequency  of  proestrous  or  estrous  smears  is  much 
greater  than  expected  in  our  colony  at  any  time  earlier  than  the  9th  day  in 
animals  that  have  gone  through  4  days  of  diestrus  following  mechanical 
stimulation  of  the  cervix. 


R.U.  per  RAT 

Fig.  5.  The  response  of  the  rat  ovary  to  injected  gonadotrophin  (Pituitary  Gonado¬ 
trophin  Squibb)  (see  Footnote  2);  cyclers,  pseudopregnants  and  lactators  compared. 
The  numbers  of  animals  at  each  dose  are  shown  b}'  the  numbers  in  parentheses. 
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Table 

2.  DiSTRIBI  TION  of  the  VARIOI'S  LITTER  SIZES  OF 

INTACT 

MOTHERS,  AM)  THEIR 

si  RViVAL  (Experiment  IV') 

Litter  size 

Total  luimher 

Surviving  litters 

(No.  of  pups) 

of  mothers 

Xo. 

% 

1 

hA 

21 

08.0 

2 

10 

14 

7:u7 

17 

8 

47.1 

4 

1(> 

1 1 

08.8 

.5 

2 

1 

.iO.O 

() 

1 

1 

100.0 

7 

h 

4 

80.0 

8 

2 

2 

100.0 

9 

5 

.5 

100.0 

10 

2 

()0 . 7 

12 

1 

T 

100.0 

5  or  more 

10 

10 

84.2 

Interpretation  of  Experiments  I,  II,  and  III.  The  three  experiments 
demonstrate  that  neither  LTH,  nor  the  conditions  of  its  secretion,  account 
for  follicular  quiescence.  They  therefore  validate  the  signs  of  FTH  activity 
in  the  following  experiments,  as  measures  of  actual  FTH  secretion,  or  its 
absence.  The  increased  frequency  of  estrus-like  smears  in  the  SPG-treated 
pseudopregnant  rats  will  be  con.sidered  in  the  General  Discussion. 

The  Relation  between  Litter  Size  and  F olliculotrophin  Secretion 

Experiment  IV.  The  interval  from  delivery  to  the  first  vaginal  estrus  in  intact 
lactating  mothers.  Of  the  125  mothers  with  which  this  experiment  started, 
70  maintained  their  litters  until  weaning,  with  only  partial  lo.s.ses  within  a 
few  litters.  Over  50%  of  the  1-pup  litters  failed  to  .survive:  survival  rates  of 
litters  of  2  pups  or  more,  however,  were  probably  not  significantly  different 
from  one  another  (Table  2). 

The  intervals  from  delivery  to  the  first  vaginal  estrus  (disregarding  that 
associated  with  delivery)  are  shown  in  Figure  6.  This  graph  also  includes 
data  on  50  control  mothers,  whose  litters  died  or  were  removed  in  toto  on 
day  1  or  2  postpartum.  There  was  a  definite  tendency  for  the  interval  to  the 
first  postpartum  estrous  smear  to  increase  with  increase  in  the  size  of  the 
litter.  With  the  exception  of  the  control  group,  the  intervals  within  each 
litter-size  group  were  distributed  unimodally,  .skewed  somewhat  to  the  left. 
This  was  most  pronounced  in  the  groups  with  1-  and  2-pup  litters,  but  was 
.still  faintly  apparent  in  those  with  larger  litters.  The  distribution  of  inter¬ 
vals  in  the  controls  was  definitely  bimodal,  the  two  modes  being  5.5  and  13 
days,  respectively  (Fig.  6,  0  pup.s).  Any  particular  control’s  interval  was 
apparently  unrelated  to  how  her  litter  was  reduced  to  zero,  since  there  were 
approximately  equal  numbers  of  litters  that  died,  or  were  removed,  in  each 
of  the  two  .subgroups. 

If  we  consider  only  the  controls’  higher  mean  interval  to  first  estrus  as  a 
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Starting  point,  both  the  means  and  modes  of  the  intervals  appear  to  in¬ 
crease  in  straight  line  fashion  with  litter  size  (Fig.  6). 

Vaginal  smears  were  discontinued  in  some  mothers  at  weaning,  and 
weaning  took  place,  in  some  cases,  as  early  as  day  19  postpartum.  Where 
weaning  was  delayed,  and  vaginal  smears  were  continued,  the  incidence  of 
pseudopregnancy-like  diestrus  periods  (9  to  17  days)  with  continued  suck¬ 
ling  after  the  first  postpartum  estrus  could  be  observed.  Of  19  .such  mothers 
with  1-pup  or  2-pup  litters,  15  showed  such  diestrus  periods  after  the  first 
postpartum  estrus,  and  one  more,  after  the  second  postpartum  estrus.  Of 
the  remaining  21  suitable  mothers,  the  interval  to  first  estrus  was  over  21 


Fig.  6.  The  relation  between  litter  size  and  the  interval  to  first  vaginal  estrus  post¬ 
partum  in  intaet  rats.  Individual  values  are  shown  by  the  open  eireles,  means  for  the 
group  by  the  solid  blaek  bar.  The  sizes  of  the  litters  in  the  5-10  pup  group  are  shown 
in  Table  1.  For  further  details  see  text  (Experiment  IV). 

(lays  in  14;  none  of  the.se  mothers  showed  sub.sequent  pseudopregnancy¬ 
like  diestrus  periods.  Of  the  7  with  intervals  to  first  estrus  of  15  to  21  days, 
however,  4  showed  such  diestrus  periods. 

I nterpretdtion  of  Experiment  IV.  The  increa.se  in  duration  of  the  po.st- 
partum  diestrus  with  increa.se  in  litter  size  could  be  due  to  a  progressively 
greater  suppression  of  FTH  .secretion  and,  or  a  progre.ssively  greater  .secre¬ 
tion  of  LTH.  The  former  po.ssibility  was  tested  in  the  next  three  experi¬ 
ments.  The  latter  could  not  be  tested  directly.  The  secretion  of  LTH  in 
amounts  at  least  equivalent  to  those  in  pseudopregnancy  by  all  nursing 
mothers,  however,  was  demonstrated  by  the  immediately  following  evi¬ 
dence,  plus  that  pre.sented  in  Experiment  VIII  (see  also  General  Discus¬ 
sion). 
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The  change  in  the  incidence  of  pseudopregnancy-like  intervals  to  first 
estrus  from  slightly  less  than  50%  in  the  controls,  to  100%  in  the  mothers 
with  1-pup  litters  suggests  that  minimal  suckling  was  enough  to  stimulate 
LTH  secretion  in  all  rats.  The  high  pituitary  FTH  potential  of  the  cas¬ 
trated  mothers  with  small  litters  (Experiments  V,  VI,  VII)  shows  that  this 
change  was  not  due  to  FTH  suppression,  and  therefore  establishes  it  as  due 
to  the  action  of  LTH  on  the  corpora  lutea,  as  in  pseudopregnancy.  LTH  se¬ 
cretion,  therefore,  cannot  be  a  spontaneously  continuous  process,  but  one 
that  results  from  specific  stimuli.  The  latter  conclusion  is  also  supported  by 
the  findings  of  Miihlbock  and  Boot  (5),  and  Quilligan  and  Rothchild  (6), 


LITTER  SIZE  (NUMBER  OF  PUPS) 

Fig.  7.  The  relation  between  litter  size  and  the  interval  to  first  estrus  postoperatively, 
in  eastrated  laetating  rats  hearing  ovarian  autotransjilants.  The  control  group  consisted 
of  5  rats  whose  litters  were  removed  entirely  at  operation,  and  7  rats,  whose  litters  died 
before  day  7  postpartum,  with  no  evidence  of  milk  ingestion.  The  latter  are  shown  by 
the  triangles. 

and  by  the  length  of  the  diestrus  following  the  first  postpartum  estrus.  This 
tendency  for  estrus  to  recur  at  intervals  characteristic  of  pseudopregnancy 
was  also  observed  by  Hain  in  rats  nursing  small  litters  (7),  and  by  Selye  and 
McKeown  in  nulliparous  rats  and  mice  that  suckled  adopted  litters  (8). 

The  further  significance  of  this  experiment,  which  confirms  the  earlier  re¬ 
ports  of  Hain  (7),  in  rats,  and  of  Parkes  (9),  and  Parkes  and  Bellerby  (10), 
in  mice,  will  be  considered  in  the  General  Discu.ssion. 

Experiment  F.  The  interval  to  first  vaginal  estrus  in  eastrated  lactators  hear¬ 
ing  autotransplanted  ovarian  tissue.  Forty-seven  mothers  were  castrated, 
autotransplanted  with  ovarian  tissue,  and  their  litters  adjusted  to  the  de¬ 
sired  size  on  day  2  postpartum.  The  individual  and  mean  intervals  to  the 
first  postoperativ’e  vaginal  estrus  are  shown  in  Figure  7. 
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These  rats  also  showed  a  direct  relationship  between  litter-size  and  inter¬ 
val  to  first  estrus.  However,  all  the  controls’  intervals  were  remarkably 
close  to  the  lower  of  the  two  modal  values  seen  in  the  intact  controls.  The 
intervals  in  all  groups  were  definitely  shorter  than  they  were  in  the  intact 
mothers  with  litters  of  equivalent  size.  The  difference  in  mean  interval  be¬ 
tween  the  intact  mothers  and  tho.se  bearing  ovarian  autografts  was  of  the 
order  of  7  to  9  days  when  no  litter,  or  a  small  one  was  suckled,  and  about  5 
days,  when  a  larger  litter  was  suckled  (Table  3). 

The  postoperative  observation  period  was  long  enough,  and  the  interval 
to  first  estrus  .short  enough  in  34  rats,  for  adequate  observation  of  the  in¬ 
cidence  of  “spontaneous”  pseudopregnancies  following  the  first  postopera- 


Table  The  mea.n  interval  tu  first  estri  s  in  relation  to  litter  size; 

INTACT  LACTATORS  COMPARED  WITH  CASTRATED  LACTATORS  BEARING 
OVARIAN  AUTOGRAFTS  (EXPERIMENTS  AND  V) 


Litter  size* 

(No.  of  pups) 

Intact  lactators 

Lactators  with  ovarian 
autografts 

Difference 
in  mean 
interval 
(days) 

Number 
of  rats 

Mean  inter¬ 
val  (days) 

Number 
of  rats 

Mean  inter¬ 
val  (days) 

0 

23* 

12.7* 

12 

5.8 

6.9 

2 

14 

16.5 

10 

7.2 

9.3 

ii 

8 

22.8 

7 

13.6 

9.2 

5- 1 1  (mean: 7.9) 

16 

23.7 

16 

18.8 

4.9 

‘  The  group  of  eastrated  lactators  bearing  ovarian  autografts  did  not  include  any  1-pup 
litters,  and  the  number  of  4-pup  litters  was  too  small  for  comparison.  The  numbers  of 
mothers  within  each  of  the  litter  size  groups  of  5  pups  or  more  were  too  small  for  compari¬ 
son,  and  for  this  reason  the  “large”  litters  were  compared  as  a  group. 

*  This  is  only  the  group  showing  the  prolonged  interval  to  first  estrus;  the  other  27  rats 
in  this  control  group  had  a  mean  interval  to  first  estrus  of  5.7  days  (see  Figure  6,  and  text) 


five  estrus.  Of  the  12  controls  (no  litters,  or  incompletely  maintained 
litters;  Fig.  7),  only  one  showed  such  a  p.seudopregnancy.  Of  16  suitable 
mothers  with  2-  or  3-pup  litters,  8  showed  9  to  16  day  diestrus  periods  fol¬ 
lowing  the  hrst  postoperative  estrus,  and  2  more  showed  diestrus  periods  of 
9  to  12  days  after  the  2nd  po.st operative  estrus.  Four  of  the  5  suitable 
mothers  with  large  litters  (6  pups  or  more)  showed  9  to  16  day  diestrus 
periods,  following  the  first  postoperative  estrus. 

Experiment  VI.  The  growth  of  ovarian  autotransplants  in  castrated  lacta¬ 
tors.  The  weights  of  the  ovarian  grafts  of  the  animals  ju.st  de.scribed  were 
plotted  against  the  po.st  operative  interval  to  autop.sy,®  and  in  relation  to 

’  The  intervals  to  autopsy  and  first  estrus  did  not  usually  correspond  except  for  some 
of  the  rats  with  the  larger  litters.  The  reason  for  this  was  that  in  order  to  kill  all  the  rats 
at  approximately  the  same  time  from  operation,  we  attempted  not  only  to  keep  the 
mothers  with  the  shorter  intervals  alive  for  periods  roughly  equal  to  the  longer  inter¬ 
vals  to  first  estrus  in  the  rats  with  larger  litters,  but  we  also  tried  to  observe  their  inter¬ 
vals  to  second  estrus.  This  caused  a  certain  amount  of  unavoidable  variation,  but  even 
so,  the  mean  periods  between  operation  and  autopsy  of  the  controls,  and  of  mothers  with 
2,  3  and  6  or  more  pups  were  not  very  different  (25.4,  24.0,  23.9  and  23.3  days,  respec¬ 
tively). 
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Fig.  8.  The  relation  between  litter  size 
and  the  weight  of  the  ovarian  transplants, 
in  castrated  lactators  bearing  ovarian 
autotransplants.  The  data  are  plotted 
against  the  postoperative  interval  to 
autopsy.  (See  Footnote  3  for  explanation 
of  the  variation  in  the  interval  to  autopsy. 
The  two  4-pup  litter  values  were  not 
included  in  the  graph,  in  order  to  keep  it  as 
simple  as  possible;  their  grafts  weighed 
23.8  and  35.4  mg.,  respectively.)  Four  of 
the  mothers  with  litters  of  6  pups  or  more 
were  killed  about  a  month  later  than  any 
of  those  inclmled  in  the  figure,  and  after 
their  litters  were  weaned.  Their  grafts  were 
obviously  not  comparable  to  those  shown 
here,  and  for  this  reason  were  excluded. 
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litter  size  (Fig.  8).  The  size  of  the  transplants  seemed  to  be  inversely  related 
to  litter  size.  This  inverse  relationship  is  shown  more  dramatically  by 
Figure  9,  in  which  the  minor  differences  between  the  various  groups’  inter¬ 
vals  to  autopsy  have  been  omitted. 

The  weight  of  each  mother’s  ovarian  graft  was  also  plotted  against  her 
interval  to  first  estrus,  without  regard  to  litter  size  or  interval  to  autop.sy; 
these  data  also  showed  an  inverse  relationship  between  graft  size  and  inter¬ 
val  to  first  estrus  (Fig.  10). 


Fig.  9.  The  relation  between  litter  size 
and  the  weight  of  the  ovarian  transplants 
in  castrated  lactators  bearing  ovarian 
autotransplants.  There  are  the  same  data 
shown  in  Figure  8  plotted  without  regard 
to  the  intervals  from  castration  to  autopsy. 
The  values  for  the  3-  and  4-pup  litters  were 
combined  to  give  the  mean  shown,  as  were 
those  for  all  litters  of  6  or  more.  (See  text 
(h^xperiment  VI)  for  further  details.) 
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At  autopsy,  the  controls’  grafts  and  the  grafts  of  the  mothers  of  the  small 
litters  were  almost  always  strikingly  different  from  those  of  the  mothers  of 
the  larger  litters.  The  latters’  grafts  were  small  and  flat,  and  consisted 
mostly  of  follicles;  corpora  lutea,  when  present,  were  few,  and  relatively 
fresh  looking.  In  contrast,  the  transplants  in  the  former  animals  appeared 
to  be  packed  with  corpora  lutea  of  several  sizes,  and  though  follicles  were 
present,  they  did  not  usually  make  up  the  bulk  of  the  ovarian  tissue.  These 
gross  differences  were  confirmed  by  microscopic  examination  of  the  trans¬ 
plants  (Fig.  11). 

At  the  time  of  autotran.splantation,  the  4  grafts  together  weighed 


DAYS  POST-OPERATION  TO  FIRST  ESTRUS  SMEAR 


Fig.  10.  Tli(‘  relation  between  the  interval  to  first  estrus  postoperatively,  and  the 
weight  of  the  ovarian  transplants  in  eastrated  laetators  bearing  autotransplanted  ovar¬ 
ian  tissue.  Litter  size  and  the  interval  to  autopsy  hav'e  been  excluded;  the  inverse  cor¬ 
relation  has  not  been  tested  for  statistical  significance,  but  is  fairly  obviousl}'  present. 


roughly  10.0  mg.  in  each  rat.  It  can  be  seen  from  Figure  9  that  this  is  very 
close  to  the  average  weight  of  the  transplants  removed  at  autopsy  in  the 
mothers  with  large  litters.  It  has  been  our  experience,  from  other  experi¬ 
ments,  that  these  grafts  largely  atrophy  immediately  after  transplantation, 
and  then  begin  to  grow.  The  differences  in  size  between  the  grafts  of  the 
mothers  with  large  litters,  and  those  with  small  or  no  litters,  therefore, 
probably  represent  differences  in  rates  of  true  growth,  rather  than  between 
stasis  on  the  one  hand,  and  growth  on  the  other. 

Experiment  VII.  The  FTH  poteney  of  the  eastrated  laetator's  pituitary  in 
relation  to  Utter  size.  The  pituitaries  of  intact  lactating  rats  with  full  litters 
(5  pups  or  more),  of  castrated  lactating  rats  with  full  litters,  or  with  2-pup 
litters,  and  of  castrated  post-parturient  rats  whose  litters  were  removed  en- 


tirely,  were  collected  and  assayed  by  the  mouse  uterine  weight  method.  In 
all  cases,  castration  and  litter  reduction  or  removal  was  done  on  day  2  post¬ 
partum,  and  autopsy  on  day  16  postpartum.  These  assays  (B^ig.  12)  demon¬ 
strated  that:  a)  in  the  rats  nursing  a  full  litter,  castration  did  not  result  in 
any  detectable  increase  in  pituitary  FTH  potency,  while  removal  of  the 
litter  was  associated  with  a  marked  increase  in  FTH  potency  following  cas¬ 
tration,  and  b)  the  response  to  castration  of  mothers  nursing  2-pup  litters 
was  indistinguishable  from  that  of  mothers  whose  litters  had  been  removed 
entirely. 

Interpretation  of  Experiments  V,  VI,  and  VII.  These  experiments  demon¬ 
strate  that  FTH  secretion  (formation  and  release)  was  suppressed  during 


Fig.  11.  Low  power  (X14)  photomicrograph  of  the  ovarian  autografts  in  castrated 
post-parturients  nursing  no  pups,  2  pups,  or  full  litters.  A)  Full  litter  (6  pups;  interval 
to  first  estrus  was  20  days,  and  grafts  weighed  11.4  ing.);  B)  2-pup  litter  (interval  to  first 
estrus  was  6  days,  and  grafts  weighed  27.6  mg.);  and  C)  no  litter  (interval  to  first  estrus 
was  6  days,  and  grafts  weighed  36.6  mg.).  B  and  C  show  many  corpora  lutea  of  different 
ages;  the  corpus  luteum  in  A  was  the  only  one  seen  in  all  4  grafts;  the  other  3  grafts  in 
this  animal  were  considerably  smaller  than  the  one  containing  the  corpus  luteum.  (The 
apparently  larger  size  of  the  grafts  in  B  than  in  C  is  deceiving,  since  the  latter  actually 
covered  a  larger  area  of  kidney  than  the  former.) 
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lactation  in  proportion  to  litter  size.  The  demonstration  of  FTH  suppres¬ 
sion  during  lactation  confirms  and  extends  the  earlier  reports  by  Desclin 
(11),  and  Desclin  and  Gregoire  (12).  Assays  of  pituitaries  and  plasma  for 
LH,  by  means  of  the  ascorbic  acid  depletion  method,  have  so  far  yielded  re¬ 
sults  that  parallel  these  to  a  remarkable  degree  (13).  The  suppression  of 
FTH  secretion  was  not  mediated  through  the  effects  on  the  pituitary  of 
LTH  itself,  nor  through  those  of  progesterone  secreted  in  response  to  LTH, 
,for  the  following  reasons.  LTH  does  not  prevent  the  formation  of  castration 
cells  in  rat  pituitaries  (14).  LTH  did  not  affect  the  secretion  of  FTH  in  Ex¬ 
periment  11.  LTH  does  not  affect  the  post-castration  increa.se  in  pituitary 
FTH  potency  in  rats  (15).  The  lactation  diestrus  continues  in  the  absence 


DRIED  PITUITARY:  mg  per  MOUSE 

Fig.  12.  The  effect  of  litter  size  on  the  folliculotrophic  potency  of  the  lactating  rat’s 
pituitary,  tested  by  the  mouse  uterine  weight  method.  The  small  numbers  shown  in 
parentheses  near  each  mean  value  represent  the  number  of  mice  used  at  the  particular 
dose  level.  Each  assay  was  completed  in  at  least  2  runs,  using  at  least  3  doses  in  each  run. 
The  26  rats  included  in  the  group  of  castrates  with  no  litters  or  with  incompletely  main¬ 
tained  litters  consisted  of  10  rats  whose  pups  were  removed  on  day  2  postpartum,  and  16 
that  failed  to  maintain  their  litters  beyond  the  5th  postoperative  daj'.  The  pituitaries 
of  these  two  groups  were  so  similar  in  potency  that  the  as.say  results  were  combined  to 
give  the  average  curve  shown.  Both  this  and  the  2-pup  litter  curve  are  in  the  same  range 
we  have  repi‘atedly  found  for  castrated  cyclers,  two  weeks  postoperatively.  The  two 
lower  curves  are  in  the  same  range  as  intact  cyclers.  (See  text  (Experiment  VII)  for 
further  details.) 
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of  the  corpora  lutea  (16)  (and  Experiment  V ;  corpora  lutea  atrophy  rapidly 
in  these  transplants  (17)).  Progesterone  does  not  depress  the  FTH  potency 
of  either  intact  or  castrated  rats’  pituitaries  (15). 

The  FTH  suppressing  effect  of  litter  size  was  unrelated  either  to  the 
amount  of  milk  secreted  (see  Experiment  VIII),  or  to  inanition;  with  only  a 
few  exceptions,  all  mothers  gained  weight  during  the  course  of  lactation. 
Suckling  itself,  therefore,  must  be  the  causative  agent  in  the  effect  of  litter 
size  on  FTH  secretion,  and  its  effect  must  very  probably  be  exerted  on  the 
processes  that  control  FTH  secretion. 

The  length  of  the  interval  to  first  estrus  in  the  castrated  mothers  bearing 
ovarian  autotransplants  (Fig.  7)  was  thus  determined  practically  entirely 
by  the  extent  to  which  suckling  suppressed  FTH  secretion.  In  the  intact 
mothers  (Fig.  6)  this  effect  was  still  the  primary  determinant  of  the  varia¬ 
tion  in  length  of  the  diestrus,  but  the  actual  duration  of  the  interval  was 
also  affected  by  the  influence  of  progesterone  on  FTH  release  from  the 
pituitary  (Table  3;  see  also  the  General  Discussion). 

The  Effect  of  Suckling  on  the  Secretion  of  Luteotrophin 

Experiment  VIII.  Pup  growth  as  an  index  of  LTH  secretion:  its  relation  to 
litter  size,  and  to  the  signs  of  FTH  secretion.  The  mean  daily  increments  in 
pup  weight  of  the  litters  of  the  intact  and  of  the  castrated  mothers  of  Ex¬ 
periments  IV-VI  were  plotted  against  litter  size  (Fig.  13).  Pup  growth  in 
the  intact  mothers’  small  litters  was  variable,  particularly  in  the  1-  and  2- 
pup  litters,  but  included  many  values  within  what  may  be  considered  the 
normal  range,  i.e.,  that  shown  by  the  larger  litters  of  the  intact  mothers. 
With  only  4  exceptions,  the  growth  of  the  3-  and  4-pup  litters,  however,  was 
well  within  this  range.  There  was  practically  no  relationship  between  litter 
size  and  pup  growth  in  the  litters  of  the  castrated  mothers.  Pup  growth  in 


Fig.  13.  The  relationship  between  litter 
size  and  the  mean  daily  increment  in  pup 
weight  in  the  litters  of  intact  mothers,  and 
of  castrated  mothers  bearing  ovarian 
autografts.  (See  text  (Experiment  VIII) 
for  further  details.) 
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the  larger  litters  of  these  mothers,  however,  was  definitely  less  than  in  those 
of  the  intact  mothers  (Fig.  13).  Pup  growth  was  compared  in  the  same  way 
in  the  litters  of  the  mothers  of  Experiment  VII,  and  is  shown  in  Table  4; 
these  data  show  the  same  lack  of  relationship  between  pup  growth  and 
litter  size  that  is  .seen  in  Fig.  13. 

Since  there  were  obviou.slj'  fewer  evidences  of  suppression  of  FTII  secre¬ 
tion  in  the  mothers  of  the  smaller  litters,  the  data  were  re-examined  to  see 
whether  poor  pup  growth  was  related  to  the  mothers’  increa.sed  .signs  of 
F'TII  .secretion.  The  interval  to  first  estrus  was  chosen  as  the  index  of  FTH 
secretion.  Each  group  of  intact  mothers  nursing  a  litter  of  a  particular  .size 
was  divided  into  two  groups,  one  of  which  showed  “short,”  and  the  other 
“long”  intervals  to  first  estrus.  The  dividing  point  between  short  and  long 
intervals  in  each  group  was  selected  to  correspond  as  closely  as  possible  to 


Table  4.  Pi  p  growth  in  the  litters  ok  intact  mothers,  and  of  castrated  mothers 

WITH  FELL  LITTERS  (5  OR  MORE),  AND  IN  2-I’UP  LITTERS  OF  CASTRATED  MOTHERS* 


Intacts 
with  full 
litters 

Castrates 
with  full 
litters 

Castrates 
with  2-pup 
litters 

-Mean  daily  incre¬ 
ment  in  pup  weight* 

No.  of  litters 

Mean  of  the  group  (gm.) 
S.l).  (gm.) 

Range  (gm.) 

i:i 

1 .95 

0.14 

1.71-2.20 

12 

2.15 

0.17 

1 .80-2.39 

15 

!  .95 

0.31 

1.18-2.40 

'  See  Results;  Kxperinient  V'll. 

*  From  day  2  to  day  IG  postpartum. 


the  mean  for  the  group.  Within  each  subgroup,  then,  the  mean  and  stand¬ 
ard  deviation  of  the  pups’  mean  daily  increment  in  weight  was  calculated. 
The  same  procedure  was  used  for  the  litters  of  the  castrated  mothers  bear¬ 
ing  ovarian  autografts,  except  that  the  data  were  considered  in  only  two 
litter-size  groups.  The  data  (Table  5)  demonstrate  the  lack  of  a  consistent 
relationship  between  pup  growth  and  the  mothers’  intervals  to  first  estrus. 
A  spot  check  of  the  relationship  between  pup  growth  and  the  size  of  the 
ovarian  grafts  in  the  castrated  mothers  .showed  a  .similar  lack  of  correlation. 

I nterpretation  of  Experiment  VIII.  These  data  and  those  of  I']xperiment 
IV  demonstrate  that  the  mothers  of  small  litters  .secreted  LTH  in  amounts 
at  least  equivalent  to  tho.se  in  pseudopregnancy.  These  mothers  simultane¬ 
ously  secreted  FTH  at  rates  not  far  below  those  of  castrates  without  litters 
(Experiments  V,  VI,  VII),  and  therefore,  at  rates  higher  than  those  in  in¬ 
tact  rats.  It  therefore  follows  that  LTH  secretion  cannot  be  caused  by  or  be 
dependent  on  the  suppression  of  FTH  .secretion. 

That  FTH  suppression  was  mediated  by  suckling  rather  than  through 
the  effects  of  milk  secretion  itself  is  suggested  by  the  lack  of  correlation  be¬ 
tween  pup  weight  and  signs  of  FTH  secretion  (Tables  4  and  5).  (This  is 
akso  seen  in  the  fact  that  roughly  equivalent  total  weights  of  pups  were 
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Table  5.  The  relationship  between  the  interval  to  first  estrls  in  intact  lactatino 

RATS,  AND  IN  CASTRATED  LACTATORS  BEARING  OVARIAN  ACTOTRANS- 
PLANTS,  AND  THE  GROWTH  OF  THEIR  PUPS  (EXPERIMENT  VIII) 


Means  of  the  intervals  to  hrst  estrus  and  of  the  pups*  mean 
daily  increment  in  weight 


“Short”  intervals  “Long”  intervals 

Experimental  group  - - — * - - 

InU*rval  Mean  daily  Interval  Mean  daily 

No.  of  to  first  increment  No.  of  to  first  increment 
rats  estrus  in  pup  rats  estrus  in  pup 

(days)  weight  (gm.)  (days)  weight  (gm.) 


Intacts 


One-pup  litters:  (dividing*  point  =15  days  or  loss) 

15 

13.8 

(1.3) 

1.53 

(0.58)* 

6 

20.2 

(3.1) 

1.28 

(0.55) 

Two-pup  litters:  (dividing  point  =16  days  or  less) 

8 

15.3 

(0.9) 

1.61 

(0.52) 

6 

20.8 

(3.'J) 

1.60 

(0.60) 

Thr<-<*-pup  litters:  (dividing  point  =20  days  or  less) 

4 

17.5 

(1.9) 

2.15 

(0.42) 

4 

28.0 

(4.2) 

1.80 

(0.38) 

Four-pup  litters:  (dividing  point  =20  days  or  less) 

6 

17.8 

(1.2) 

2.04 

(0.35) 

5 

24.2 

(2.9) 

1.85 

(0.68) 

Five-pup  or  larger  litters:*  (dividing  point  =23  days  or  less) 

10 

22.0 

(1.3) 

1.82 

(0.1.3) 

6 

26.5 

(2.5) 

1.86 

(0.16) 

Castrates  with  autotransplanted  ovarian  tissue 

Two-  to  four-pup  litters:*  (dividing  point  =  10  days  or  less) 

12 

6.8 

(0.9) 

1.60 

(0.26) 

7 

18.1 

(6.1) 

1.68 

(0.48) 

Six-pup  or  larger  litters:  (dividing  point  =20  days  or  less) 

8 

14.6 

(3.6) 

1.51 

(0.39) 

8 

23.0 

(2.1) 

1.44 

(0.26) 

1  See  text  for  explanation  (Results:  Experiment  VIII). 

*  The  average  number  of  pups/litter  in  each  of  the  two  groups  shown  was  8  and  7.9  respectively. 

^  The  average  number  of  pups,  litter  in  the  group  with  the  shorter  intervals  was  2.3:  it  was  3.1  in  tiie  group  with 
longer  inter\'als. 

*  Standard  deviations  are  shown  in  parentheses. 


raised  by  some  mothers  with  small  heavy  litters,  and  some  with  large  light 
litters,  but  there  was  a  greater  suppression  of  FTH  secretion  in  the  latter). 

Experiment  IX.  The  maintenance  of  lactation  in  hijpophijsectomized  lacta- 
tors,  hearing  pituitaries  autotransplanted  to  the  kidney. 

A.  Hypophysectomized  lactators  hearing  autotransplanted  pituitaries,  with¬ 
out  further  treatment.  Nineteen  mothers  were  operated  on,  12  between  the 
1st  and  the  4th,  and  the  remainder  on  the  5th,  6th,  or  7th  postpartum  day. 
No  pups  survived  beyond  the  6th  postoperative  day.  Although  the  pups, 
unless  moribund,  were  almost  always  found  hanging  to  their  mothers’ 
nipples,  all  pups  lost  weight,  and  failed  to  ingest  milk,  following  operation. 

B.  Hypophysectomized  lactators  hearing  autotransplanted  pituitaries, 
treated  with  oxytocin.  Two  pilot  experiments  were  run  with  twice/ day  (R 
rats),  or  4  times/day  (4  rats)  injections  of  oxytocin  (total  dose:  2.0 
i.u./day).  The  mothers  were  operated  on,  as  in  A,  between  days  4  and  6 
postpartum,  and  injections  started  on  the  day  following  operation.  Part  of 
one  litter  in  each  of  the  two  treatment  groups  (3  out  of  8  pups,  and  8  out  of 
9  pups,  respectively)  survived  to  weaning.  The  other  pups  lost  weight 
steadily,  in  spite  of  occasional  milk  ingestion,  and  died  between  days  5  and 
7  postoperatively.  The  survivors’  weight  gains  are  shown  in  Figure  14,  C, 
D. 

Oxytocin  (0.5  i.u.,  in  0.25  cc.  of  saline)  was  then  administered  every  4 
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hours  “round  the  clock,”  from  the  day  of  operation  (day  5  post  partum) 
until  weaning  (day  21  postpartum),  to  8  mothers  operated  on  similarly. 
Five  litters  survived  without  losses  (5  to  9  pups  each);  7  out  of  12  pups,  o 
out  of  8  pups  and  2  out  of  9  pups  in  the  remaining  8  litters  survived.  All 
survivors  ingested  at  least  some  milk  from  the  time  of  operation  forward, 
but  did  not  begin  to  gain  weight  until  2  to  3  days  after  operation  (Fig.  14, 
A).  The  relationship  between  oxytocin  injection  and  milk  ingestion  was 
striking;  just  prior  to  an  injection,  the  pups’  milk  spots  were  almost  always 
absent  or  small,  but  an  hour  later,  filled  in  the  entire  stomach  outline. 

These  8  mothers  were  autopsied  at  the  time  of  weaning.  Their  mammary 
glands  were  grossly  .similar  to  those  of  the  intact  controls  (control  1,  below) ; 


Fig.  14.  AveruKC  growth  curves  of 
the  litters  of  intact  lactators  and  of  hy- 
poph3’sectomize(l  rats  hearing  auto- 
transplanted  pituitaries  treated  with 
oxytocin.  Shaded  areas  are  the  stand¬ 
ard  deviations.  .\)  Pituitary-autotrans- 
planted  lactators,  8  litters;  treated  with 
0.5  i.u.  o.xj’tocin  every  4  hours  from 
operation  (daj’  5  postpartum)  to  wean¬ 
ing;  B)  intact  lactators  (9  litters);  C) 
like  .4,  but  given  0.5  i.u.  oxytocin  4 
times  a  da\’,  starting  on  the  daj’  after 
operation  (1  surviving  litter  out  of  4); 
D)  like  .4,  but  given  1.0  i.u.  oxytocin 
twice  a  daj-,  starting  on  the  day  after 
operation  (1  surviving  litter  out  of  3). 


that  is,  they  were  thick,  white,  well  extended,  and  vascular,  and  their  cut 
surfaces  exuded  milk.  A  brief  survey  of  representative  histologic  sections 
showed  that  between  50%  and  80%  of  each  gland  showed  active  secretion. 
These  proportions  overlapped  those  found  in  the  controls,  but  .some  of  the 
latter  showed  a  higher  percentage  of  tissue  in  active  secretion  (Fig.  15). 

Controls.  All  Control  experiments  were  done  within  2  to  3  weeks  of  the 
above  experiments.  1)  Intact  controls  were  9  mothers  in  good  lactation  on 
day  5  postpartum.  Seven  litters  (4  to  12  pups  each)  survived  without  losses; 
4  out  of  5  pups  and  3  out  of  12  pups  in  the  remaining  2  litters  survived. 
Their  average  weight  curve  is  shown  in  Figure  14,  B. 

2)  Sham  hypophysectomy  and  laparotomy  was  done  on  7  mothers  on 
days  5  or  6  postpartum.  Five  litters  .survived,  4  (7  to  12  pups  each)  without 
lo.s.se.s,  and  1  (10  pups)  with  a  loss  of  4  pups;  the  remaining  2  litters  died  by 
the  ()th  postoperative  day.  Their  average  weight  curve  is  compared  with 
the  intact  controls  and  the  experimentals  in  Figure  16. 


Fig.  15.  Low  |)owi‘r  ( XSO)  photoinicr()grai)hs  of  sections  through  the  nuuninary  glands 
of  an  intact  lactator,  and  of  a  liypoj)hyseetomized  laetator  hearing  an  autotransplanted 
jjituitar}-  treated  with  0.5  i.u.  o.xytoein  every  4  lionrs  from  oj)eration  (day  5  postpartum) 
to  weaning,  .\utopsy  in  both  eases  was  on  day  22  postpartum.  A)  Intact  control;  this 
mother  had  a  litter  of  10  pups,  whose  average  weight  on  day  21  jjostpartum  was  45.3 
gm.;  B)  H ypophysectomized,  pit uitary-autotrnns planted,  and  treated  with  oxytocin;  this 
mother  had  a  litter  of  5  i)ups,  whose  average  weight  on  day  21  posti)artum  was  44.(5  gm. 
The  alveoli  in  both  sections  are  activeh-  .secreting,  but  a  larger  i)ro])ortion  of  the  total 
mammary  gland  in  B  is  involved  in  fatty  change. 


Fig.  1(5.  .Vverage  growth  curves  of  the 
litters  of  intact  lactators,  of  hypophysec- 
tomized  rats  bearing  autotransplanted 
pituitaries  treated  with  oxj  tocin,  and  of 
sham-hypophysectomized,  laparotomized 
controls.  .1)  and  B)  are  the  same  as  in 
Figure  14  with  the  standard  deviations 
omitted  ;C)  sham-operated  controls  (5  litters) ; 
the  standard  deviations  have  been  omitted 
only  for  simplicit3  ’s  sake;  they  wen*  inter¬ 
mediate  between  those  of  \  and  B  in 
Figure  14. 
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3,  a)  3  mothers  were  hypophysectomized  on  day  5  postpartum,  and 
given  oxytocin  every  4  hours  around  the  clock ;  b)  6  mothers  were  similarly 
hypophysectomized,  but  not  given  oxytocin;  c)  5  litters  were  separated 
from  their  mothers  on  day  5  postpartum;  and  d)  14  mothers  were  hypophy¬ 
sectomized  and  pituitary  autotransplanted  on  day  5  postpartum  and  in¬ 
jected  subcutaneously  with  oxytocin  tannate^  once/day  (1.0  to  3.0  i.u./  day 
in  either  oil  or  saline).  Pup  survival  and  weight  loss  in  these  4  control 
groups  were  essentially  the  same  as  in  the  litters  of  the  untreated  hypo- 
phj’sectomized  mothers  bearing  autotransplanted  pituitaries  (A,  above). 
Some  of  the  pups  of  the  mothers  treated  with  oxytocin  tannate,  however, 
showed  occasional  milk  ingestion. 

Additional  pertinent  findings.  The  average  adrenal  weight  of  the  oxytocin 
treated  experimental  mothers  (B,  above)  was  40.5  mg.  (32.8-46.6  mg.).  In 
our  colony,  the  average  adrenal  weight  of  intact  lactators  of  equivalent 
body  weight  is  about  65.0  mg.,  and  individual  weights  of  less  than  50.0  mg. 
have  never  been  encountered.  The  other  hypophysectomized  animals  were 
killed  at  later  intervals,  and  showed  even  more  adrenal  atrophy,  regardless 
of  whether  tliej’  were  pituitary-autotransplanted.  The  ovaries  of  all  the 
pituitary-autotransplanted  rats  had  the  large,  bright  pink  corpora  lutea, 
and  pale  yellow  sparse  stroma  that  is  characteristic  of  the  completely 
hypophysectomized  rat  bearing  a  pituitary  transplant  (2,  3).  A  totally  un¬ 
expected  finding  was  vaginal  mucification  in  the  oxytocin  treated  experi¬ 
mental  rats  (B,  above);  the  significance  of  this  has  been  considered  else¬ 
where  (18). 

Interpretation  of  Experiment  IX.  The  data  demonstrate  that  milk  secre¬ 
tion  can  occur  in  response  to  LTH  secreted  by  a  pituitary  separated  from 
the  CXS.  Milk  secretion  was  undoubtedly  aided  by  the  direct  effect  of 
oxytocin  on  the  mammary  gland.  The  results  offer  no  evidence  that  oxy¬ 
tocin  also  affected  the  rate  of  LTH  secretion,  but  other  evidence  that  it  can¬ 
not  do  so  is  offered  elsewhere  (18).  It  could  still  be  argued  that  in  this  ex¬ 
periment  oxytocin  might  have  affected  the  transplant’s  rate  of  LTH  secre¬ 
tion,  perhaps  as  a  pharmacological  agent  might  have  done.  Other  findings, 
however,  suggest  that  the  amount  of  LTH  required  for  luteal  maintenance 
and  for  milk  secretion  are  the  same,  and  that  amounts  of  LTH  greater  than 
the  minimal  effective  one  produce  no  further  increase  in  milk  secretion  (19). 
This  implies  that  since  the  autotransplanted  pituitary  can  maintain  the 
corpora  lutea,  it  also  secretes  enough  LTH  for  milk  secretion,  so  that  even 
if  oxytocin  could  affect  its  rate  of  LTH  secretion,  the  amount  of  milk  pro¬ 
duced  would  not  be  increased.  The  following  also  suggests  that  the  amount 


*  Oxytocin  tannate  was  prepared  in  our  laboratories  from  a  solution  of  concentrated 
oxytocin  donated  through  the  kindness  of  Dr.  D.  McGinty,  of  Parke,  Davis  and  Co.  The 
procedure  was  the  same  as  that  used  for  the  preparation  of  Parke,  Davis’  pitressin  tan¬ 
nate. 
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of  LTH  secreted  l)y  tlie  transplant  is  not  small.  In  parabiotic  adult  rats, 
cervical  stimulation  of  one  partner  during  proestrus  or  estrus  induces 
pseudopregnancy  only  in  the  stimulated  partner;  homotransplantation  of 
a  single  rat  pituitary,  however,  to  one  partner,  without  cervical  stimulation, 
induces  pseudopregnancy  in  both  (20). 

Experiment  IX  demonstrates  then  that  the  .secretion  of  LTH  does  not 
depend  on  stimulation  from  the  CXS.  This  suggests,  therefore,  that  the 
effect  of  suckling  is  more  probably  one  of  “permitting”  LTH  to  be  .secreted, 
than  one  of  directly  stimulating  its  secretion. 

Two  principal  factors  may  account  for  the  below  average  weights  of  the 
pups  of  the  experimental  rats:  a)  oxytocin  injection  every  4  hours  was 
probably  a  less  efficient  means  of  facilitation  of  milk  withdrawal  than  that 
which  occurs  normally,  and  b)  hormones  other  than  LTH  are  recpiired  for 
optimal  milk  secretion  (21);  the  autotransplanted  pituitary  secretes  some 
of  these  at  rates  that  are  probably  less  than  those  in  intact  animals  (2,  II). 

GENERAL  DISCUSSION 

Stickling  as  the  cause  of  LTH  secretion,  and  of  the  suppression  of  FT II  sc- 
(Tction.  The  results  and  interpretations  of  these  experiments  have  elimi¬ 
nated  all  explanations  for  the  association  between  LTH  secretion  and  follic¬ 
ular  quie.scence  except  the  one  that  the  conditions  that  promote  LTH  se¬ 
cretion  also  cause  follicular  quiescence.  The  following  postulations  may  ex¬ 
plain  how  follicular  quiescence  during  lactation  is  a  con.sequence  of  the  gen¬ 
eral  process  through  which  LTH  secretion  is  promoted: 

1)  the  pituitary  secretes  FTH  in  response  to  stimuli  arising  in  the  CNS; 
when  these  stimuli  are  suppres.sed,  the  pituitary  cannot  .secrete  FTH. 

2)  LTH  secretion  is  chronically  inhibited  by  another  CNS  influence; 
when  its  activity  is  suppres.sed,  the  pituitary  secretes  LTH. 

R)  suckling  .suppres.ses  the  activity  of  both  influences,  and  thus  permits 
LTH  to  be  secreted,  and  depresses  or  prevents  the  secretion  of  FTH. 

4)  the  CNS  influence  that  stimulates  FTH  secretion  is  less  .sensitive  to 
the  suppressing  effect  of  suckling  than  is  the  one  that  inhibits  LTH  .secre¬ 
tion. 

Let  us  consider  first  the  available  evidence  for  these  postulations.  We 
will  then  restate  the  principle  underlying  them  in  order  to  explain  the  rela¬ 
tionship  between  LTH  secretion  and  follicular  quie.scence  in  pseudopreg¬ 
nancy  as  well. 

Evidence  for  a  CNS  influence  that  stimulates  FTH  secretion.  As  a  re.sult  of 
the  finding  that  transplanted  pituitaries  in  castrated  rats  did  not  form  cas¬ 
tration  cells,  Hohlweg  and  Junkmann  (22)  postulated  the  existence  of  a 
“Xerv’encentrum”  having  this  role.  Certain  hypothalamic  le.sions  in  rats 
(23)  and  dogs  (24)  abolish  the  increase  in  pituitary  FTH  secretion  that 
follows  castration.  ?vlinute  amounts  of  estrogen  liberated  into  the  hypo¬ 
thalamus  of  intact  rats  lead  to  ovarian  atrophy,  but  have  no  detectable 
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systemic  effects  (25).  Tiie  pituitary  in  these  experiments  showed  no  signs  of 
injury.  The  rat  pituitary  transplanted  beneath  the  median  eminence  .se¬ 
cretes  FTH  (20,  27)  hut  will  not  do  so  when  transplanted  to  other  sites  (26, 
27).  The  latter  experiments  (27)  are  especially  pertinent  since  the  same 
pituitary  was  studied,  first  as  a  kidnej'  transplant,  and  then  as  one  beneath 
the  median  eminence.  Other  evidence  of  a  more  indirect  nature  has  been 
well  summarized  by  Harris  (28). 

Evidence  for  a  C\S  influence  that  inhibits  LTH  secretion.  Certain  hypo¬ 
thalamic  lesions  in  rats  lead  to  a  type  of  prolonged  LTH  secretion  (29) 
.similar  to  that  shown  by  the  autotransplanted  pituitary  (2,  3).  Yokoyama 
and  Ota  (30)  produced  lesions  in  the  brains  of  lactating  rats  that  were 
associated  with  the  ability  to  secrete  LTH  in  the  absence  of  suckling;  FTH 
secretion  could  be  suppres.sed,  however,  only  when  the  rats  were  suckled. 
Their  unsuckled  animal  was  thus  an  experimental  homologue  of  our  intact 
lactator  with  a  small  litter. 

Evidence  that  suckling  suppresses  FT H  secretion.  This  has  been  con.sidered 
in  the  interpretations  of  Experiments  V,  VI,  VH,  and  VIII.  That  .suckling 
effects  this  suppression  via  the  CNS  is  a  reasonable,  but  unproven,  postu¬ 
late.  That  the  area  involved  is  less  sensitive  to  the  effects  of  suckling  than 
the  one  that  inhibits  LTH,  is  .suggested  by  the  fact  that  lactating  rats  with 
small  litters  may  show  very  little  evidence  of  FTH  .suppression,  if  any, 
while  secreting  adequate  amounts  of  LTH. 

Evidence  that  suckling  suppresses  a  CXS  influence  that  mhibits  LTH  secre¬ 
tion.  Suckling  must  undoubtedly  promote  LTH  .secretion  via  a  nervous 
pathway  (21).  The  suppression  by  suckling  of  a  CXS  influence  that  chron¬ 
ically  inhibits  LTH  secretion  is  an  unproven  postulate.  It  is  a  logical  way, 
however,  to  reconcile  the  .secretion  of  LTH  in  response  to  suckling,  with  1) 
the  ability  of  the  autotransplanted  pituitary  to  secrete  LTH  (2,  3);  2)  the 
failure  to  explain  LTH  secretion  by  any  of  the  other  mechani.sm.s  postulated 
in  the  Introduction;  and  3)  the  ability  of  certain  CXS  depres.sant  drugs  to 
initiate  and  maintain  LTH  secretion  (31).  The  maintenance  of  lactation  by 
the  autotransplanted  pituitary  (Experiment  IX)  further  .supports  this 
thesis. 

.4  general  explanation  for  the  regulation  of  LTH  secretion  and  its  relation  to 
follicular  quiescence  in  the  rat;  the  ephemerality  of  the  corpus  luteum  as  a  re¬ 
flection  of  this  relationship.  If  LTH  secretion  is  promoted  by  .suckling  in  the 
way  we  have  described,  it  should  also  be  promoted,  during  other  conditions, 
by  any  agent  that  prevents  the  CXS-inhibiting  influence  over  LTH  .secre¬ 
tion  from  affecting  the  pituitary.  In  order  to  help  us  understand,  then,  the 
exact  manner  in  which  LTH  secretion  is  effected  during  other  conditions, 
and  how  in  these  states,  also,  the  .secretion  of  LTH  may  be  associated  with 
follicular  quie.scence,  the  explanation  given  previously  for  the  effects  of 
.suckling  must  be  modified  into  the  following  form.  The  pituitary  secretes 
LTH  under  only  those  conditions  that  suppress  or  eliminate  the  effect  upon  it  of 


July,  li)60 


SUCKLING  ON  PITUITARY 


35 


a  CXS  influence  that  chronically  inhibits  its  intrinsic  ability  to  secrete  LTH. 
Many,  but  not  all,  of  these  conditions  also  suppress  or  eliminate  the  effect  upon 
the  pituitary  of  another  CNS  influence  that  specifically  stinmlates  it  to  form  or 
release  FTH,  and  are  therefore  associated  with  quiescence  of  the  follicular  por¬ 
tions  of  the  ovary.  All  the  elements  of  this  interpretation  can  be  seen  with 
diagrammatic  clarity  in  the  behavior  of  the  transplanted  pituitarj',  and 
with  almost  equal  clarity  in  the  activity  of  the  lactating  rat’s  pituitary.  The 
following  discussion  will  show  how  useful  this  postulation  may  be  in  ana¬ 
lyzing  the  relation  between  LTH  secretion  and  follicular  quiescence  in 
pseudopregnancy. 

The  induction  of  pseudopregnancy  by  cervical  stimulation  may  be  the 
result  of  the  suppression  of  the  activity  of  the  CNS  inhibitor  over  LTH 
secretion.  A  recent  study  demonstrated  that  daily  stimulation  of  the  cervix 
induced  lactation  in  estrogen-pretreated  rats  and  maintained  lactation  in 
post-parturient  rats  deprived  of  their  litters  (32).  The  effect  of  cervical 
.stimulation  seems  to  be  localized  to  the  influence  that  inhibits  LTH,  for 
daily  cervical  stimulation  of  castrated  rats  bearing  ovarian  autotransplants 
does  not  delay  the  interval  to  first  postoperative  estrus,  and  thus  probably 
does  not  suppress  FTH  secretion  (15).  In  this  respect,  cervical  stimulation 
resembles  minimal  suckling  (Fig.  7).  Its  effect  on  LTH  secretion  differs 
somewhat  from  sucklings’,  however,  for  cervical  stimulation  administered 
once  usually  induces  pseudopregnancy  in  over  90%  of  rats,  while  if  suck¬ 
ling  is  discontinued  after  the  first  or  second  postpartum  day,  slightly  less 
than  50%  of  rats  show  a  pseudopregnancy  (Fig.  6). 

Experiments  in  our  laboratory  have  show,  however,  that  LTH  secretion 
in  pseudopregnant  rats  continues  for  only  a  few  days,  when  the  animals  are 
castrated  (15,  33)  (see  also  Experiment  V,  last  paragraph).  A  luteal  factor, 
therefore,  probably  maintains  LTH  secretion  for  the  duration  of  pseudo¬ 
pregnancy.  The  most  obvious  one  is  progesterone.  It  is  not  only  the  prin¬ 
cipal  ovarian  hormone  secreted  during  pseudopregnancy,  but  it  is  also  re¬ 
sponsible  for  the  follicular  quiescence  of  pseudopregnanej'  (see  further  be¬ 
low).  Its  ability  to  maintain  LTH  secretion  would  thus  be  consistent  with 
our  interpretation  of  the  association  between  LTH  secretion  and  follicular 
(juiescence.  (From  the  peculiar  nature  of  the  rat’s  inability  to  develop  func¬ 
tional  corpora  lutea  spontaneously,  however,  it  must  be  considered  capable 
only  of  maintaining  LTH  secretion  that  has  already  been  set  in  progress  by 
other  factors,  such  as  cervical  stimulation,  or  suckling.)®  The  most  sugges¬ 
tive  findings  that  favor  this  viewpoint  are  these.  Progesterone  does  not 

®  (Added  in  proof) :  I  was  unaware,  at  the  time  of  writing,  of  two  papers  by  .\lloiteau 
and  Vignal  (Compt.  rend.  .\ead.  d.sci. — 246;  2804.  1958;  and  247:  2465.  1958)  in  which 
the  maintenance  of  LTH  secretion  by  progesterone  was  postulated.  This  was  based  on 
the  induction  of  pseudopregnancy  in  cycling  rats  by  progesterone  or  LTH  given  during 
estrus.  In  my  own  hands,  however,  such  treatment,  even  with  almost  lethal  do.ses  of 
intravenous  progesterone,  was  ineffective. 
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inhibit  LTH  secretion  (33).  Milk  secretion  is  maintained  for  about  9  days  in 
intact  post-parturient  rats  deprived  of  their  litters  on  day  4-5  postpartum 
and  treated  with  oxytocin  (34,  35,  15).  If  the  rats  are  castrated  at  the  time 
of  litter  removal,  however,  milk  secretion  soon  ceases,  even  though  oxy¬ 
tocin  is  administered  every  4  hours  around  the  clock  (15) ;  if  progesterone  is 
also  administered  to  such  castrates,  however,  milk  secretion  is  maintained 
(15).  Amounts  of  progesterone  too  small  to  prevent  FTH  release  will  main¬ 
tain  pseudopregnancy  for  about  20  to  25  days  (15).  Progesterone  will  in¬ 
duce  broodiness  in  birds  (36);  this  condition  is  associated  with  LTH  secre¬ 
tion  (37).  It  will  also  increase  the  pituitary  content  of  LTH  in  rats  (38); 
estrogen  will  also  do  this,  but  is  more  effective  in  the  presence  of  the  ovaries 
(39).  Estrogen  will  also  induce  p.seudopregnancy  (40,  41),  and  will  main¬ 
tain  corpus  luteum  growth  (40,  42)  as  well  as  function  (40)  in  rats.  This 
effect  of  estrogen  may  reflect  its  suppression  of  the  CNS  influence  that  in¬ 
hibits  LTH  secretion  as  well  as  the  one  that  stimulates  FTH;  however,  the 
evidence  cited  (39),  plus  the  practical  absence  of  etstrogen  during  the  first 
two-thirds  of  pseudopregnancy,  would  tend  to  rule  estrogen  out  as  the 
ovarian  factor  responsible  for  LTH  secretion. 

Progesterone  could  maintain  LTH  secretion  by  virtue  of  its  ability  to 
suppress  the  CNS  inhibitor  over  LTH.  The  positive  feedback  aspect  of 
this  relationship  implies  that  LTH  secretion  will  not  be  maintained  in¬ 
definitely,  for  any  decrease  in  progesterone  secretion  must  increase  the 
activity  of  the  CXS  inhibitor,  and  thus  diminish  LTH  secretion.  This  mu.st 
dimini.sh  the  secretion  of  proge.sterone  still  further,  and  lead  eventually  to 
the  total  cessation  of  both  LTH  and  progesterone  secretion,  and  to  the  re- 
gre.ssion  of  the  corpus  luteum.  The  ephemerality  of  the  corpus  luteum  can 
thus  be  explained,  in  part,  by  the  relationship.  The  .specific  manner  in 
which  progesterone  causes  follicular  quiescence  during  pseudopregnancy 
fits  together  with  this  postulated  progesterone-LTH  relationship  to  explain 
the  variations  in  the  duration  of  luteal  viability  under  several  conditions. 
Let  us  consider  the-se. 

Progesterone  prevents  only  the  release,  but  not  the  formation,  of  FTH  by 
the  pituitary  (the  evidence  for  this  is  summarized  elsewhere  (4)).  The 
pituitary’s  F'TH  potency,  and  therefore  its  potential  ability  to  .secrete  FTH, 
thus  increases  under  the  influence  of  progesterone.  Suckling,  however,  de- 
crea.ses  the  pituitary’s  potential  ability  to  .secrete  FTH  since  it  .suppresses 
the  formation  of  FTH.  The.se  opposite  effects  of  progesterone  and  suckling 
on  the  pituitary’s  I"TH  secreting  potential  show  a  striking  relationship  to 
the  duration  of  luteal  viability.  Figure  6  reflects  this  relationship,  for  the 
vaginal  cornification  that  terminated  each  mother’s  interval  to  first  estrus 
could  not  have  occurred  in  the  presence  of  a  continued  secretion  of  pro¬ 
ge.sterone.  LTH  .secretion,  however,  was  maintained  in  all  the.se  rats  except 
the  controls,  by  .suckling;  the  variations  in  the  length  of  the  die.strus,  there¬ 
fore,  imply  that  Inteal  viability,  in  the  presence  of  continued  LTH  secretion,  is 
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increased  in  proportion  to  the  decrease  in  the  pituitarifs  potential  abilitij  to  se¬ 
crete  FTH.  This  in  turn  suggests  the  possibility  that  FTH  blocks  the  corpus 
luteum’s  response  to  LTH.  The  hastening  of  luteal  regression  in  hypophy- 
sectomized  rats  treated  with  FTH  (43,  44),  the  estrus-like  vaginal  smears  of 
our  pseudopregnant  rats  treated  with  SPG  (Experiment  III),  the  inability 
of  suckling  to  prevent  the  occurrence  of  estrus  in  rats  subjected  to  a  strong 
FTH  stimulus  (45),  the  cj’clic  recurrence  of  estrus  and  ovulation  in  intact 
mice  (5)  and  rats  (6)  bearing  homotransplanted  pituitaries,  and  the  failure 
of  corpus  luteum  survival  in  rats  hypopliysectomized  and  pituitary  auto- 
transplanted  during  proestrus  (46)  are  some,  at  least,  of  tlie  available  evi¬ 
dences  that  this  effect  exists. 

This  effect  would  complement  the  operation  of  the  positive  feedback  re¬ 
lationship  between  progesterone  and  LTH  as  the  cause  of  luteal  ephemeral- 
ity.  A  diminution  of  progesterone  secretion,  for  whatever  reason,  or  pro¬ 
gesterone’s  inability  to  prevent  FTH  release  indefinitely  (4,  15),  would 
allow  the  release  of  FTH,  which,  by  blocking  the  corpus  luteum’s  response 
to  LTH,  would  decrease  progesterone  still  further  and  thus  further  increase 
FTH  release.  This  process  will  progressively  diminish  LTH  secretion  when 
the  latter  is  maintained  only  by  progesterone,  and  thus  lead  to  a  rapid  re¬ 
gression  of  the  corpus  luteum;  if  LTH  secretion  was  maintained  by  suck¬ 
ling,  however,  the  FTH  effect  could  still  operate,  but  luteal  regression 
would  proceed  more  slowly  (compare,  in  Figure  6,  the  pseudopregnancy-like 
diestrous  periods  in  the  controls  with  the  intervals  to  first  estrus  in  the 
mothers  suckling  a  single  pup). 

The  respective  abilities  of  progesterone,  suckling,  and  pituitaiy  trans¬ 
plantation  to  promote  LTH  secretion;  the  different  effects  of  these  factors 
on  FTH  formation  and  release;  and  the  blocking  effect  of  FTH  on  the  cor¬ 
pus  luteum’s  response  to  LTH,  permit  us  to  deduce  the  effect  of  their  inter¬ 
action  on  luteal  viability  to  a  remarkable  degree.  Thus:  1)  luteal  viability 
should  be  least,  if  LTH  is  practically  absent,  and  F'TH  potential  is  high; 
this  is  undoubtedly  the  condition  in  the  cycler.  2)  Luteal  viability  should  be 
appreciably  longer,  but  definitely  limited,  if  LTH  is  maintained  by  proges¬ 
terone,  and  FTH  potential  is  high;  this  is  the  condition  in  the  pseudopreg¬ 
nant  rat.  3)  Luteal  viability  should  be  slightly  longer,  but  still  definitely 
limited,  when  LTH  is  maintained  by  suckling,  but  FTH  potential  is  still 
high;  this  is  the  condition  in  the  lactator  with  a  small  litter.  4)  Luteal  via¬ 
bility  should  be  considerably  longer,  if  LTH  is  maintained  liy  suckling,  and 
FTH  potential  is  low;  this  is  the  condition  in  the  lactator  with  a  large  litter. 
5)  Luteal  viability  should  be  indefinitely  prolonged,  if  LTH  is  maintained 
by  pituitary  transplantation,  for  FTH  potential  will  be  reduced  almost  to 
zero.  These  relationships  are  set  forth  in  Figure  17,  where  instead  of  “luteal 
viability”  the  actual  observed  lengths  of  the  diestrus  under  these  conditions 
are  shown. 

Whether  LTH  secretion,  and  with  it  progesterone  secretion,  also  in- 
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creases  in  proportion  to  litter  size  is  completely  unknown.  As  litter  size  in¬ 
creased,  the  differences  between  the  mean  intervals  to  first  estrus  in  the  in¬ 
tact  mothers  and  in  the  castrates  bearing  ovarian  autografts  tended  to  re¬ 
main  constant,  or  may  even  have  decreased  (Figs,  (i  and  7;  Table  3).  This 


Fig.  17.  The  relationsliip  between  the  pituitary’s  potential  ability  to  seerete  F'l'H 
and  its  secretion  of  LTH,  on  the  one  hand,  and  the  iluration  of  diestrus,  as  an  expression 
of  viability  of  the  corpus  luteum,  on  the  other.  Corpora  lutea  cajiable  of  responding  to 
LTH  are  present  in  all  conditions.  The  absence  of  LTH  in  the  cycler  is  not  meant  to  be 
absolute;  there  is  probably  too  little  LTH  secreted  to  maintain  the  corpora  lutea.  Since 
practically  no  FTH  is  formed  by  the  autotransplanted  pituitary,  no  information  is  avail¬ 
able  on  whether  release  of  FTH  can  occur  from  the  transplanted  pituitary.  The  de¬ 
pendency  of  LTH  on  progesterone  during  pseudopregnancy  is  the  author’s  postulate, 
for  which  suggestive  evidence  is  outlined  in  the  General  Discussion.  *FTH  release  is  prob- 
ablj-  inhibited  during  lactation,  as  it  is  during  pseudopregnancy;  the  difference  between 
the  two  conditions  is  that  FTH  formation  is  also  suppressed  during  lactation  in  propor¬ 
tion  to  litter  size,  but  is  not  suppressed  at  all  during  pseudopregnancy  (4).  **LTH  secre¬ 
tion  from  the  transplanted  pituitary  is  meant  to  be  independent  of  CNS  inhibition,  and 
therefore  “permanent.”  The  length  of  the  diestrus  is  also  “permanent.” 
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certainly  suggests  that  progesterone  secretion  remained  constant  as  the 
litter  size  increased,  for  in  cyclers  the  diestrus  can  he  lengthened  in  propor¬ 
tion  to  the  amount  of  progesterone  administered  (15).  Parkes  and  Bellerhy 
showed  that  the  amount  of  estrogen  required  for  vaginal  cornification  in 
lactating  mice  increased  in  proportion  to  litter  size  (10);  this  phenomenon 
may  reflect  a  proportionate  increase  in  LTH  secretion,  hut  it  is  also  ex¬ 
plainable  on  the  basis  of  the  mother’s  increase  in  FTII  potential  with  de¬ 
crease  in  litter  size,  and  the  ability  of  estrogen  to  induce  FTH  release 
rapidly  (47).  Miihlbock  and  Boot  observed  an  increase  in  the  length  of  the 
diestrus  induced  in  mice  by  successive  implantations  of  large  numbers  of 
mou.se  pituitaries  (5).  This  too  may  be  the  result  of  a  progressive  increa.se  in 
LTH  secretion,  but  it  may  also  reflect  the  effects  of  repeated  trauma,  and 
the  induction  of  mammary  cancer  (5)  in  decreasing  the  pituitary’s  ability 
to  secrete  FTH.  A  most  urgent  need  is  for  an  accurate  method  for  directly 
measuring  the  .secretion  of  LTH. 

.\  detailed  application  of  this  interpretation  to  other  species,  and  to  other 
aspects  of  the  pituitary-ovary  relationship,  will  not  be  attempted  here.  It 
does  seem  worthwhile,  however,  to  describe  briefly  a  few  examples  of  how 
readily  such  an  application  may  be  made.  The  length  of  the  luteal  phase  of 
the  cycle  in  most  polyestrous  mammals  that  have  been  studied  is  remark¬ 
ably  close  to  14  days  (48);  the  dog,  however,  which  ovulates  only  once  or 
twice  a  year,  has  a  luteal  phase  of  2  months  (48).  These  differences  could  be 
related  to  the  maintenance  of  FTH  potential  between  ovulations  in  the 
polyestrous  mammals,  and  the  opposite,  in  forms  like  the  dog.  The  human 
female  shows  the  same  general  relationship  between  the  amount  of  daily 
l)reast  feeding  and  the  length  of  the  postpartum  amenorrhea  (49,  50)  that 
has  been  demonstrated  in  the  rat  between  litter  size  and  the  interval  to  first 
estrus  (7)  (Fig.  0).  This  .suggests  that  the  same  ba.sic  processes  operate  in 
both  species.  Furthermore,  lactation  may  follow  pituitary  .stalk  section  in 
women  (51).  The  occurrence  of  galactorrhea  with  an  amenorrhea  char¬ 
acterized  by  the  signs  of  low  or  ab.sent  secretion  of  both  estrogens  and  gona¬ 
dotrophins  (52)  suggests  the  suppre.ssion  of  the  two  CNS  influences  ov’er 
I^TH  and  LTH  .secretion;  in  some  .such  cases,  the  presence  of  certain  brain 
lesions  (52)  may  indicate  the  nature  of  the  suppression.  The  co-existence, 
in  some  women,  of  galactorrhea  and  ovulatory  cycles  resembles  the  condi¬ 
tion  in  Yokoyama  and  Ota’s  le.sioned  rats  (80),  and  supports  the  idea  that 
the  CXS  influence  that  inhibits  LTH  secretion  may  be  affected  without  in¬ 
volving  the  one  that  stimulates  FTH  .secretion.  This  divorce  between  the 
suppressing  effects  of  a  giv’en  stimulus  on  both  influences  would  explain 
how  the  dairy  cow  continues  to  ovulate  during  lactation  (48);  when  one 
con.siders  the  wide  spread  in  the  lactating  rats’  intervals  to  first  estrus  in 
each  litter  size  group  (Fig.  0)  it  is  not  hard  to  imagine  how  such  a  divorce 
could  have  been  accomplished  by  selective  breeding. 

A  paper  in  preparation  will  present  the  detailed  evidence  for  the  postula- 
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tion.s  outlined  in  the  latter  half  of  this  discussion;  it  will  also  attempt  to 
consider,  to  a  greater  degree  than  was  possible  here,  the  extent  to  which 
this  explanation  of  the  corpus  luteum-pituitary  relationship  in  the  rat  ap¬ 
plies  to  other  forms,  and  to  other  situations  in  which  LTH  may  be  secreted. 
The  author  is  aware  of  the  possible  discrepancies  between  some  of  these 
ideas  and  others’  findings  (58,  54);  the.se  will  be  considered  in  the  forth¬ 
coming  paper. 
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THE  (’ORPUS  LUTEUM-PITUITARY  RELATIONSHIP:  A 
STUDY  OF  THE  (COMPENSATORY  HYPERTROPHY 
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ABSTRACT 

Tlu*  growth  of  an  ovary  n'lnaining  after  unilateral  ovarieetomy  was  stucli('(l 
in  eyeling,  pseiKloj)regnant  and  laetating  rats.  The  left  ovary  was  removed  in 
all  eases  on  day  1  of  diestrus  in  the  eyeling  and  pseudopregnant  rats,  and  on 
day  1  postpartum  in  the  laetating  rats;  the  two  former  groups  were  observed 
up  to  14  days  postoperatively,  the  latter  until  day  20  postpartum.  The  eyelers’ 
remaining  ovaries  inereased  in  weight  from  operation  onward.  In  the  pseudo- 
])regnant  rats  there  was  no  signifieant  change  in  ovarian  weight  until  after  the 
Sth  i)ostoperative  day.  and  in  the  laetators,  for  the  entire  ob.servation  jjeriod. 

These  results  were  discuss('d  in  relation  to  the  suppression  of  folliculotroi)hin 
formation  or  release  during  pseudopregnaney  and  lactation. 

This  study  was  designed  to  answer,  at  least  partially,  the  (piestion  of 
what  changes  occur  in  folliculotrophin  (FTH)'  secretion  during  p.seudo- 
pregnancy.  The  possible  relation  of  these  changes  to  the  maintenance  of 
luteotrophin  (LTH)®  secretion  has  been  discu.ssed  at  length  in  another 
paper  (1).  Evidence  was  pre.sented  in  that  paper  that  supported  the 
thought  that  LTH  is  .secreted  in  response  to  the  .suppres.sion  of  a  CNS  in¬ 
hibiting  influence  over  LTH  secretion  (2,  3,  4);  .suckling  probably  sup¬ 
presses  this  CNS  inhibition,  and  is  as.sociated  with  follicular  quiescence  be¬ 
cause  suckling  also  .suppre.sses  a  CNS  .stimulating  influence  over  FTH  (1). 
Since  the  .specific  cause  of  follicular  quie.scence  might  be  similarly  related  to 
the  cause  of  LTH  .secretion  during  pseudopregnancy,  ovarian  compensa¬ 
tory  hypertrophy  was  .studied,  in  p.seudopregnant  and  laetating  rats,  as  a 
step  in  determining  the  nature  of  the  pseudopregnant  follicular  quiescence. 
The  re.sults  obtained  from  the.se  experiments,  and  from  others  .still  in 
progress,  .suggested  that  the  follicular  quiescence  of  pseudopregnancy  re¬ 
sulted  from  inhibition  of  release,  but  not  of  formation,  of  FTH.  The  reasons 
for  this  conclusion  are  con.sidered  in  detail  in  the  Discu.ssion. 

U(‘(*(‘iv(‘d  August  8,  1959. 
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®  See  Introduction  to  (1)  for  definitions  and  justifications  of  these  terms. 
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METHODS  AND  MATERIALS 

The  rats  were  200  to  300  Kram  females  of  the  Sprague-Dawley  strain  (Holtzmaii  Rat 
Co.,  Madison,  Wise.).  Three  groujjs  were  used:  1)  “cyclers” — these  were  selected  from  a 
large  colony  after  having  shown  at  least  4  regular  (4-5  day)  estrous  cycles;  2)  “pseudo- 
pregnants” — these  were  selected  exactly  as  were  the  cyclers,  but  were  subjected  to  cervi¬ 
cal  stimulation  with  a  glass  rod,  on  the  2  successive  days  of  a  proestrus  and  estrus;  and 
3)  “lactators” — these  were  selecteci  from  our  breeding  colony  onlj'  in  relation  to  their 
time  of  delivery.  The  maintenance  of  the  lactators  has  been  describ(*d  in  detail  elsewhere 
(1).  The  left  ovary  was  removed  from  37  cyclers  and  from  46  pseudopregnants  on  the 
first  day  of  the  diestrus,  and  from  40  lactators  on  the  day  after  delivery  (day  1  post¬ 
partum).  Control  data  on  the  variation  in  weight  between  the  right  and  left  ovaries  of 
intact  rats  were  available  from  102  additional  rats  (32  cyclers,  31  pseudopregnants,  and 
39  lactators).  Nineteen  of  these  lactators  and  14  of  these  pseudopregnants  were  also 
studied  for  the  changes  in  total  ovarian  weight  during  the  cour.se  of  lactation  ami 
pseudopregnancy. 

The  remaining  right  ovary  was  removed  at  autopsy  or  operation  from  the  unilater¬ 
ally  ovariectomized  cyclers  and  pseudopregnants  at  intervals  of  1  or  2  days,  up  to  14 
days  i)ostoperatively,  and  from  the  lactators  up  to  20  days  postoperatively.  .\11  ovaries 
were  weighed  immediately  after  removal  and  dissection  on  a  Roller-Smith  torsion 
balance. 

Daily,  excei)t  Sunday,  vaginal  smears  were  made  on  all  rats  until  removal  of  the 
second  ovary.  The  numbers  of  experimental  cjclers  and  pseudopregnants  mentioned 
above  actually  represent  about  90%  of  slightlj’  larger  numbers  treated  similarly.  Cyclers 
whose  postoperative  vaginal  cytology  showed  a  diestrus  of  more  than  4  days,  or  a  pro¬ 
nounced  departure  from  the  preoperative  pattern,  were  discarded.  Discarded  pseudo¬ 
pregnants  were  those  that  showed  a  diestrus  of  less  than  9  days.  The  data  include  an 
unavoidable,  but  probably  small,  amount  of  error  for  the  observation  period  up  to  roughl}' 
the  4th  postoperative  day,  inasmuch  as  this  period  of  time  did  not  allow  the  diagnosis  of 
“cycler”  and  “pseudopregnant”  to  be  established  beyond  question.  .\  certain  number  of 
the  pseudopregnants  autopsied  at  the  longer  postoperative  intervals  (12-14  days)  had 
alread}’  returned  to  estrus.  They  are  so  noted  in  the  Results. 

Litter  size  in  the  lactating  group  varied  from  3  to  12  pups,  but  in  over  90%  of  them 
was  6  pups  or  more. 

RESULTS 

Cyders  and  pseudopregnants.  The  changes  in  weight  of  the  remaining 
ovary  were  evaluated  in  two  ways:  1)  its  absolute  weight  was  plotted 
agaiiLst  time  after  operation,  its  “initial”  weight  being  taken  as  the  mean  of 
the  S3  ovaries  removed  at  operation  (Fig.  1) ;  2)  the  weight  of  the  remaining 
ovary  was  expre.s.sed  as  a  percentage  of  the  same  rat’s  left  ovarian  weight; 
these  percentages  were  similarly  plotted  against  time  after  operation  (Fig. 
2).  The  means  for  a  particular  group  of  ovaries  were  obtained  by  grouping 
the  postoperative  intervals  into  2-day  units. 

(Jrowth  of  the  cyclers’  remaining  ovaries  proceeded  in  apparently 
straight  line  fashion  throughout  the  experimental  period.  The  pseudopreg¬ 
nants’  remaining  ovaries  however,  did  not  show  appreciable  growth  until 
after  the  8th  postoperative  day  (day  9  of  the  diestrus);  from  this  time  on¬ 
ward,  their  growth  was  so  rapid  that  by  the  14th  po.stoperative  day  they 
weighed  almost  as  much  as  the  cyclers’  ovaries.  Most  of  the  rats  .showing 
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this  increase  in  ovarian  weight  had  returned  to  estrus  at  or  just  before  re¬ 
moval  of  the  remaining  ovary  (Figs.  1  and  2). 

The  mean  weight  of  a  single  ovary  on  the  7th  diestrous  day  of  14  intact 
pseudopregnant  rats  was  29.0  mg.  The  mean  left  ovarian  weight  of  the  83 
pseudopregnants  and  cyclers  on  the  1st  diestrous  day  was  35.4  mg.  (Fig.  1). 
This  difference  (18%  decrease)  is  somewhat  less  than  that  observed  in  the 
lactating  rat  during  approximately  the  same  period  of  time  postpartum 
(Fig.  3),  but  it  suggests  that  an  ovarian  weight  decrease  of  this  order  of 
magnitude  occurs  normally  in  pseudopregnancy.  If  this  is  so,  then  the  re- 


Fig.  1.  The  chanf^o  in  weight  of  the  right  ovary  of  cyclers  and  of  pseudopregnants, 
in  the  period  of  14  days  following  removal  of  the  left  ovary.  The  horizontal  bar  and 
vertical  line  at  “operation;  day  1  of  diestrus”  represent  the  mean  and  staiulard  devia¬ 
tion  of  the  S3  left  ovaries  removed  at  oj)eration,  and  can  be  taken  as  the  theoretical 
original  weight  of  the  remaining  right  ovary.  Actually,  in  102  rats  of  various  types  (see 
Metluxls)  the  mean  right  ovarian  w«>ight  was  4.4%  higher  than  the  mean  left  ovarian 
weight;  even  if  the  theoretical  weight  of  the  remaining  right  ovary  is  corrected  for  this 
variation,  however,  the  results  would  not  be  essentially  different.  The  values  for  the 
pseudopregnants  represented  by  a  star  within  a  circle  are  from  those  rats  that  had  re¬ 
turned  to  estrus  at,  or  very  shortly  before,  removal  of  the  remaining  ovar\’. 

maining  ovary’.s  maintenance  of  its  “initial”  weight  through  the  first  9  days 
of  pseudopregnancy  (Figs.  1  and  2)  may  reflect  a  very  small  amount  of 
growth. 

Lactators.  The  rats’  ovaries  decrea.se  in  weight  during  lactation  (5).  The 
progressive  change  in  weight  of  the  remaining  ovary  of  the  hemiovariecto- 
mized  lactators,  therefore,  was  compared  directly  with  the  changes  in 
ovarian  weight  of  intact  lactators  (F'ig.  3).  Xo  significant  difference  could 
be  observed  between  the  two  curves. 
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Fig.  2.  Exactly  the  same  symbols  and  data  shown  in  Figure  1,  but  each  remaining 
right  ovarian  weight  is  exjiressed  as  the  percentagi'  of  the  same  animal’s  left  ovarian 
weight. 


hho.  3.  Tlie  change  in  weight  of  the  ovaries  of  intact,  and  of  left-ovari('ctomized  lactat- 
ing  rats,  during  the  course  of  lactation.  The  horizontal  bar  and  vertical  line  at  “opera¬ 
tion;  day  1  postpartum”  represent  tlie  mean  and  standard  deviation  of  the  40  left 
ovaries  removed  at  operation.  The  “experimentals”  are,  of  course,  the  left-ovariecto- 
mized  rats. 
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DISCUSSION 

The  ov'aries  of  pseudopregnant,  and  of  lactating  rats  show  the  same 
growth  response  to  exogenous  F'TH  as  do  those  of  cyclers  (1).  We  can  there¬ 
fore  eliminate,  as  the  cause  of  follicular  quiescence  in  either  pseudopreg¬ 
nancy  or  lactation,  the  effects  of  either  LTH  itself  or  the  conditions  of  its 
secretion,  on  the  ovary’s  response  to  FTH.  The  failure  of  ovarian  compen¬ 
satory  hypertrophy  must  therefore  be  due  to  the  absence  or  depression  of 
F'TH  stimulation  to  the  ovary. 

In  lactation  this  is  apparently  due  to  the  suppression  of  FTH  secretion 
by  suckling  (1,  6,  7).  In  pseudopregnancy,  however,  the  pituitary,  when 
assayed  by  the  mouse  uterine  weight  method,  shows  a  progressive  increase 
in  FTH  potency  until  the  7th  diestrous  day ;  this  potency  remains  then  at  a 
level  roughly  twice  that  of  the  cycler’s  pituitary  until  the  first  proestrus, 
when  it  falls  back  to  the  original  level  (8).  These  findings  are  similar  to 
those  reported  for  the  content  of  “ovulating  hormone”  in  the  rabbit’s  pitui¬ 
tary  during  pseudopregnancy  (9),  and  also  agree  with  the  ability  of  the 
pseudopregnant  rat  to  ovulate  in  response  to  electrical  stimulation  of  the 
brain  (10).  Tlie  absence  of  compensatory  hypertrophy  of  the  ovary  during 
the  first  9  days  of  pseudopregnancy,  therefore,  suggests  that  only  the  re¬ 
lease  of  FTH  is  prevented.  This  interpretation  is  also  supported  by  the  fol¬ 
lowing  observations.  When  the  pseudopregnant  rat  is  castrated  on  the  first 
diestrous  day  and  portions  of  its  ovary  transplanted  to  the  kidney  (this  in¬ 
volves  loss  of  all  viable  luteal  tissue  (11)),  it  shows  a  5  to  6  day  interval  to 
first  estrus  postoperatively ;  the  cycling  rat  subjected  to  the  same  procedure 
shows  exactly  the  same  interval  (12).  The  lactating  rat  suckling  a  2-pup 
litter  subjected  to  this  procedure  returns  to  estrus  in  7  days,  yet  the  intact 
lactator  with  a  2-pup  litter  has  an  average  interval  to  first  estrus  of  16  days 
(1).  The  suckling  of  a  2-pup  litter  does  not  appreciably  suppress  FTH  for¬ 
mation,  although  it  is  a  sufficient  stimulus  for  the  maintenance  of  LTH 
secretion  (1). 

The  factor  responsible  for  the  inhibition  of  FTH  release  is  undoubtedly 
progesterone;  its  ability  to  delay  ovulation  is  well  known,  and  in  sufficient 
amounts  (.5.0  mg.  day),  its  administration  to  intact  cyclers  results  in  an  in¬ 
crease  in  pituitary  FTH  potency  roughly  equivalent  to  that  seen  during 
pseudopregnancy  (12).  Even  in  high  doses  (10.0  mg.^  clay),  it  does  not  de¬ 
press  pituitary  FTH  potency  in  castrated  rats  (12).  The  degree  of  inhibi¬ 
tion  of  FTH  release  is  probably  far  from  absolute,  however.  The  possible 
maintenance  of  ovarian  weight  in  the  hemiovariectomized  pseudopregnants, 
compared  to  the  slight  loss  in  weight  observed  in  intact  pseudopregnants, 
suggests  this  (see  Results,  and  Figs.  1  and  2).  In  another  study  (13),  we 
have  found  that  rats  suckling  2-pup  litters  show  only  about  half  the  ovarian 
weight  loss  .shown  by  lactators  with  large  litters;  that  this  reflects  some  de¬ 
gree  of  inhibition  of  FTH  release,  however,  is  indicated  from  the  fact  that 
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post-parturient  rats,  deprived  of  their  litters  shortly  after  delivery,  main¬ 
tain  the  ovarian  weight  reached  by  the  end  of  pregnancy  (13).  Moreover, 
the  inhibition  can  apparently  be  overcome  by  a  stimulus  of  sufficient  mag¬ 
nitude,  since  electrical  stimulation  of  the  brain  of  pseudopregnant  rats  will 
induce  ovulation  (10).  The  only  available  data  on  the  duration  of  proges¬ 
terone’s  effect  on  FTH  release  comes  from  work  in  progress  in  this  lal)ora- 
tory.  We  have  found,  in  pseudopregnant  rats  treated  with  10.0  mg.  day  of 
progesterone,  that  vaginal  mucification  first  appears  after  14  days  of  treat¬ 
ment;  it  is  absent  at  21  days,  and  again  present  after  28  days  of  treatment. 
These  findings  are  being  pursued  further,  but  they  strongly  suggest  a 
periodic  release  of  at  least  enough  FTH  to  stimulate  estrogen  secretion, 
and,  therefore,  that  there  is  a  definite  limit  to  the  duration  of  this  inhibiting 
effect  of  progesterone.  The  rapid  increase  in  ovarian  weight  from  day  9  on¬ 
ward,  in  the  unilaterally  ovariectomized  pseudopregnants  (Figs.  1  and  2), 
probably  reflects  this  diminishing  inhibition  of  FTH  release. 

.\s  a  result  of  the  inhibition  of  FTH  release  by  progesterone,  the  pitui¬ 
tary’s  potential  nhilitij  to  secrete  FTH  during  pseudopregnancy  must  be  in¬ 
creased.  The  implications  of  tliis,  together  with  the  fact  that  progesterone 
does  not  inhibit  the  secretion  of  LTH  (14),  for  the  way  in  whicli  LTH  secre¬ 
tion  is  promoted  during  pseudopregnancy,  and  for  the  causes  of  luteal 
ephemerality  in  general,  have  been  considered  in  another  paper  (1). 
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THE  (X)RPU8  LUTEUM-PITUITARV  RELATIONSHIP:  THE 
LUTEOTROPHIC  ACTIVITY  OF  HOMOTRANSPLANTED 
PITUITARIES  IN  INTACT  RATS' 

K.  J.  QUILLIGAN  and  I.  ROTHCHILI) 

Department  of  Obstetrics  and  Gynecology,  Western  Reserve  I'nivcrsity 
School  of  Medicine,  Cleveland,  Ohio 

ABSTRACT 

The  effect  of  a  pituitarj-  homotransplanted  beneath  the  kidney  eai)sule  on 
the  estrous  cycle  of  the  intact  rat  was  studied.  The  majority  of  37  rats  treated  in 
this  way  showed  a  pseudopregnancj’-like  prolongation  of  the  diestrus  in  progress 
at  the  time  of  operation,  with  a  marked  tendencj’  for  succeeding  cycles,  over  a 
period  of  roughly  3  months,  also  to  be  prolonged.  Eight  control  rats,  homotrans¬ 
planted  with  a  piece  of  cerebellum  in  place  of  a  pituitary,  tended  to  continue  to 
have  estrous  cycles  of  normal  length.  The  prolonged  cycles  had  an  immediate 
onset  in  rats  operated  on  at  any  stage  of  the  vaginal  cj  cle  e.xcept  the  second 
diestrous  day.  In  these,  cycle  prolongations  began  after  the  first  complete  post¬ 
operative  cycle.  There  was  a  high  incidence  of  incomplete  estrous  smears,  char¬ 
acterized  by  onlv  a  single  day  of  nucleated  or  cornified  epithelial  cells  and  j)re- 
ceded  and  followed  b}'  smears  predominant!}'  of  leucocytes,  in  the  e.xperimental 
group.  The  incidence  of  such  smears  ending  normal  as  well  as  prolonged  cycles 
was  greater  than  in  the  control  rats.  These  results  were  briefly  discussed  in  rela¬ 
tion  to  the  pituitary  factors  that  may  affect  the  life  of  the  corpus  luteum,  and 
the  control  of  LTH  secretion. 


INTRODUCTION 

IN  THE  cour.^^e  of  a  study  of  the  effects  of  oxytocin  on  the  secretion  of 
luteotrophin  (LTH)^  in  the  rat  (1),  a  control  experiment,  involving;  tlie 
effect  on  the  estrous  cycle  of  a  single  rat  pituitary  homotransplant,  was 
carried  out.  The  rats  treated  in  this  way  showed  a  prolongation  of  the  cycle 
in  progress  to  the  length  of  a  pseudopregnancy;  controls  implanted  with 
cerebellar  tissue  continued  to  cycle  normally.  This  finding  seemed  worthy 
of  more  study,  and  we  accordingly  set  up  a  large  colony  of  such  rats,  with 
suitable  controls,  to  determine  a)  the  reproducibility  of  this  phenomenon; 
b)  the  relation  between  the  stage  of  the  host’s  estrous  cycle  at  operation 
and  the  time  of  onset  of  the  cycle  prolongation;  and  c)  the  repetitivene.ss  of 
such  prolonged  cycles.  Similar  experiments  in  mice  (2,  3)  came  to  our  atten- 
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tion  after  most  of  this  program  had  been  carried  out.  Our  own  study  sup¬ 
plements  these  by  extending  tlie  observations  to  the  rat ;  l)oth  studies  otter 
valuable  information  regarding  some  of  the  factors  that  affect  the  viability 
of  the  corpus  luteum,  as  well  as  the  (piestion  of  whether  LTH  secretion  is  a 
continuous  process,  or  one  induced  by  specific  stimuli.  These  are  discussed 
l)riefly  in  this  paper,  and  at  greater  length  in  another  paper  (4). 

METHODS 

EiKhtj’-two  .Si)raguc-Du\vlcy  female  rats  of  ISO  to  300  gms.  body  weight  (Iloltzman 
Itat  ('omi)aiiy,  Madison,  Wise.)  were  selected  after  each  had  shown,  h}-  vaginal  smears, 
at  least  4  normal  (4  to  5  day)  estrous  cj'cles.  Thirty-seven  served  as  jiituitary  donors, 
an  equal  number  as  pituitary  hosts,  and  8  as  control  hosts.  The  donors  were  killed  with 
ether  on  day  1  of  a  diestrus.  The  hosts  were  operated  on  during  proestrus,  estrus  or  the 
first  or  second  day  of  diestrus.  At  operation  the  left  kidney  was  exposed  through  a  flank 
incision  and  a  small  pocket  made  under  the  kidney  capsule.  The  donor’s  pituitary  was 
removed  immediately  after  death,  and,  with  only  a  few  minutes’  delay,  placed  within 
the  host’s  kidney  capsule  pocket.  The  8  control  hosts  were  operated  on  similarly,  but 
received,  in  place  of  a  pituitary,  a  piece  of  cerebellum  (approximately  the  same  size  as 
the  pituitary)  from  each  of  8  of  the  donor  rats  (for  further  details  concerning  trans¬ 
plantation,  see  (4)). 

All  animals  were  followed  by  daily,  except  Sunday,  vaginal  smears  for  a  minimum 
of  28  and  a  maximum  of  121  days.  .\t  the  completion  of  the  experiment,  all  the  controls, 
and  34  of  the  37  experimental  rats  were  killed  with  ether,  and  the  ovaries,  uteri  and  in 
situ  jjituitarj’  removwl,  weighed,  and  fixed  in  Bouin’s  solution.  The  kidney  containing 
the  transplanted  pituitary  was  fixed  in  toto  in  Bouin’s  also.  Both  pituitaries  were  later 
sectioned  at  10  /z;  alternate  slides  were  stained  with  Harris’  hematoxylin  and  eosin,  and 
with  .\zan  triple  stain.  In  4  animals,  the  transplanted  pituitaries  could  not  be  recognized 
as  such  at  autops}”  these  were  diagnosed  as  “non-viable,”  since  a  careful  search  of  the 
surrounding  tissues  failed  to  uncover  the  pituitary  in  an  ectopic  site.  The  remaining 
transplants  were  readily  recognized;  the  overlying  capsule  had  a  rich  supply  of  small 
blood  vessels  running  to  the  gland,  which  was  raised  above  the  surface  of  the  kidney. 
These  were  diagnosed  as  “viable.”  The  microscopic  appearance  of  these  glands  is  de¬ 
scribed  in  the  Results. 

The  rat’s  vaginal  cycle  (5)  is  so  well  known  that  it  need  not  be  described  here  in  de¬ 
tail.  For  the  purpose  of  analyzing  our  results,  day  1  of  the  cycle  was  considered  as  the 
da}-  of  the  proestrus  (nucleated  epithelial  cells),  or  estrus  (eornified  epithelial  cells),  if 
the  latter  followed  a  diestrous  day  (leucocytes).  C'ycle  length  was  the  total  number  of 
days,  inclusive,  from  day  1  to  the  last  diestrous  daj-  before  the  beginning  of  the  next  cycle. 
In  many  of  the  cycles,  particularly  in  the  experimental  group,  day  1  consisted  of  a 
smear  of  nucleated  or  eornified  cells,  and  day  2  of  leucocytes;  these  will  be  designated  in 
the  results  as  “incomj)lete  estrus”  smears,  to  distinguish  them  from  the  normal  secpience 
of  nucleated,  eornified  and  leucocyte  smears  on  days  1,  2,  and  3,  respectively. 

RESULTS 

Four  hundred  and  sixty-tliree  cycles,  varying  in  length  from  2  to  120 
days,  were  observed  in  the  37  pituitary-hosts  (experimentals)  and  the  S 
control  rats.  We  have  classified  these  as  follows;  Normal  or  unaffected:  3  to 
7  days  duration;  intermediate:  8  to  10  days  duration;  pseudopregnancy-like : 
11  to  21  days  duration;  prolonged:  longer  than  21  days.  Though  some  of 
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Table  1.  The  ekkect  ox  the  estroi  s  cycles  of  intact  rats  of  either 

PITCITARY  OR  CEREBELLC.M  HOMOTRAXSPLAXTATION 


Total 

numb(‘r 

of 

cycles 

ob^rved 

Type  and 

incidence  of  cycle*  following  treatment 

Treatment 

Num¬ 

ber 

of 

rats 

Puration 
observed 
(days  rat) 

Normal 

Inter¬ 

mediate 

Pseiido- 

pregnancv- 

like 

Pro¬ 

longed 

No. 

% 

No.  % 

No.  % 

No.  % 

Pituitary  homotransplantalion 
Cerebc'llum  homotranspiantation 

37 

8 

28-121 

8()-l(K! 

333 

130 

147 

113 

44.1 

86.9 

34  10.2 

10  7.7 

1.37  41.1 

7  5.4 

15  4.5 

0  0.0 

*  See  Reaultg,  first  paraftrapl),  for  a  definition  of  the  types  of  cycles  obstTved  following  treatment. 


this  classification  is  obviously  arbitrary,  it  helps  to  define  the  main  effects 
of  the  experimental  procedure. 

The  distribution  of  these  cycles  in  the  experimental  and  control  groups  is 
shown  in  Table  1.  Of  333  experimental  cycles,  41%  were  pseudopregnancy¬ 
like,  and  44%  were  unaffected;  87%  of  the  control  cycles  were  unaffected 
and  only  (5%  were  pseudopregnancy-like.  The  effect  of  pituitary  trans¬ 
plantation  became  somewhat  clearer  when  the  comparison  was  made  on 
the  basis  of  all  cycles  longer  than  7  days,  as  well  as  on  the  basis  of  the  in¬ 
cidence  of  pseudopregnancy-like  cycles  only,  and  with  the  rats  bearing 
viable  pituitary  grafts  separated  from  rats  with  non-viable  ones.  In  the 
latter,  and  the  controls,  pseudopregnancy-like  cycles  were  10%  and  0%  of 
tht  total,  respectively,  while  in  the  former  group,  their  incidence  was  53%. 
In  the  animals  bearing  viable  grafts,  69%  of  the  cycles  were  longer  than  7 
days;  this  incidence  was  28%,  in  tho.se  bearing  a  nonviable  graft,  and  13% 
in  the  controls  (Table  2). 

The  relation  between  the  on.set  of  cycle  prolongation  and  the  estrous 
cycle  .stage  at  which  the  homotransplantation  was  done  is  shown  in  Table 
3.  When  the  host  was  operated  on  during  either  proestrus,  estrus  or  day  1  of 
diestrus,  the  cycle  then  in  progress  was,  in  most  cases,  lengthened;  when  the 
operation  was  done  on  day  2  of  diestrus,  the  cycle  in  progress  tended,  in 
most  ca.ses,  to  be  of  normal  length,  but  was  followed  by  a  lengthened  cycle. 

The  incidence  of  “incomplete  estrus”  smears  (see  Methods),  and  their 
relation  to  the  type  of  preceding  cycle  is  shown  in  Table  4.  The  experi- 


Table  2.  The  incidence  of  cyci.e.s  longer  than  7  days  in  rats  with  viable  and  non 

VIABLE  PITCITARY  HO.MOTRANSPLANTS,  AND  RATS  WITH  CEREBELHIM  HOMOTRANSPLANTS 


Total  num¬ 
ber  of 
cycles 

C'ycles  following 
homotranspiantation 

Group 

Number  of 
rats 

NoriiiaP 

Longer  than 
7  days* 

No.  % 

No.  % 

Rats  with  autopsy  evidence  of  viable  pituitary  transplant 

.301 

236 

71  30.1 

165  69.9 

Rats  with  autopsy  evidence  of  non-viable  pituitary  transplant 
Rats  with  cereoellum  homotransplants  (controls) 

4> 

61 

44  72.1 

17  27.9 

8 

130 

113  86.9 

17  13.1 

•  Three  of  the  37  experimental  rats  were  not  autopsied. 

•  Cycles  of  3  to  7  days  duration.  See  Results,  first  paragraph. 

’  Intermediate,  pseudopreKnanry-like,  and  prolooKed  cycles.  See  Results,  first  paragraph. 
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Table  3.  The  relation'  between  the  estrous  cycle  stage  at  the  time  of  piti'itary 

HOMOTRANSl’LAXTATION  INTO  INTACT  RATS,  AND  THE  TIME  OF  ONSET  OF  CYCLE  I’ROLONC.ATION 


Effects  of  treatment 


Estrous  cycle 
stage  at 
homotrans¬ 
plantation 

Numher 
of  rats 

Hats  with  first  postoperative 
cycle  longer  than  10  days 

Hats  with  second  postoperati' 
cycle  longer  than  10  days 

No. 

%  of  total 

No.  %  of  total 

Proestrus 

13 

1 1 

85 

7  54 

Estrus 

8 

7 

88 

4  50 

Diestrus  dav  1 

9 

7 

78 

7  78 

Diestrus  day  2 

7 

2 

29 

7  100 

mental  group  showed  a  higher  incidence  of  these  smears  than  did  the  con¬ 
trols.  This  was  in  part  related  to  their  higher  incidence  of  pseudopregnancy¬ 
like  or  longer  cycles,  but  was  also,  in  part,  a  characteristic  of  the  group  as  a 
whole,  since  the  frequency  of  such  smears,  even  after  unaffected  cycles,  was 
greater  than  in  the  controls. 

The  microscopic  appearance  of  the  transplanted  pituitaries  was  much  as 
has  been  previously  described  by  Everett  (0,  7).  The  transplants  were  well 
vascularized  and  had  a  central  fibrous  core.  The  cells  were  predominantly 
eosinophils,  and  no  basophils  were  seen.  Although  the  pituitaries  in  situ 
showed  a  predominance  of  eosinophils,  they  contained  a  very  definite, 
though  moderate,  number  of  basophils  as  well. 

DISCUSSION 

Xikitovitch-Winer  and  Everett  (8)  have  shown  that  hypophysectomy 
and  pituitary  autotransplantation  resulted  in  the  typical  prolongation  of 
corpus  luteum  activity,  in  rats  operated  on  in  any  stage  of  the  estrous  cycle 
except  proestrus.  In  our  study  the  rats  operated  on  during  the  2nd  day  of 
diestrus  were  the  only  ones  that  did  not  show  a  characteristic  immediate 
lenthening  of  the  cycle  in  progress.  This  difference  can  perhaps  be  explained 

Table  4.  The  distribution  of  cycles  ending  in  an  incomplete  estrous 

SMEAR,  according  TO  THE  TYPE  OF  PRECEDING  CYCLE,  IN  INTACT  RATS 
HOMOTRANSPLANTED  WITH  EITHER  A  PITUITARY  OR  A  PIECE  OF  CEREBELLl'M 


Pituitary  homotransplants  Cc'ri'lx'llum  iiomotransplants 


Type  of  cycle* 

(37  rats) 

(8  rats) 

Total  no. 
of  cycles 

Cycles  ending  in 
incomplete  estrus 

Total  no. 
of  cycles 

Cycles  ending  in 
incomplete  estrus 

No. 

%  of  total 

No.  %  of  total 

“Normal” 

147 

31 

21 . 1 

1 13 

1  0.9 

“Intermediate” 

34 

13 

38.2 

10 

1  10.0 

“Pseudopregnanev-like” 

137 

51 

37.2 

7 

1  14.3 

“Prolonged” 

15 

7 

40 . 7 

0 

—  — 

.\11  cycles 

333 

102 

30.0 

130 

3  2.3 

*  t'or  definition  of  cycle  types,  see  Results,  first  paragraph 
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as  follows.  During  proestrus,  the  corpora  lutea  of  the  preceding  ovulation 
lose  their  al)ility  to  respond  to  LTH.  When  hypophysectomy  and  pituitary 
autotransplantation  is  done  at  this  time  ovulation  does  not  occur  and  the 
animal  is  thus  left  with  no  viable  corpora.  When  a  pituitary  is  homotrans- 
planted  into  an  intact  rat  during  proestrus,  however,  ovulation  occurs  at  the 
expected  time,  and  the  new  crop  of  corpora  lutea  are  then  maintained  by 
the  graft’s  LTH.  The  corpora  lutea  on  day  2  of  diestrus,  though  capable  of 
responding  to  LTH  (8)  are  probably  not  stimulated  soon  enough  by  the 
homotransplanted  pituitary  to  prevent  ovulation  from  occurring  at  the  ex¬ 
pected  time.  The  pseudopregnant  cycle  thus  begins  with  the  next  ovula¬ 
tion. 

A  somewhat  similar  phenomenon  has  been  described  for  the  induction  of 
pseudopregnancy  in  rats  by  cervical  stimulation.  Greep  and  Hisaw  (9) 
stimulated  the  cervices  of  rats  during  either  estrus,  or  on  day  1  or  day  2  of 
diestrus.  Of  those  stimulated  in  estrus  86%  showed  an  immediate  pseudo¬ 
pregnancy,  while  the  remainder  cycled  normally.  Stimulation  on  day  1  of 
diestrus  resulted  in  a  54%  incidence  of  immediate  pseudopregnancies, 
while  31%  became  pseudopregnant  after  completing  the  cycle  in  progress. 
When  stimulation  was  done  on  day  2,  however,  onh'  16%  became  p.seudo- 
pregnant  immediately,  while  56%  did  .so  after  completing  the  cycle  in 
progress.  DeFeo  (10)  has  noted  the  same  phenomenon,  although  his  in¬ 
cidences  of  immediate  pseudopregnancies  were  greater  than  those  ob.served 
by  Greep  and  Hisaw  (9).  In  our  own  laboratory,  8  rats  were  cervically 
stimulated  on  day  3  of  diestrus;  each  showed  proestrous  and  estrous  smears 
on  the  succeeding  two  days,  respectively,  and  7  then  went  into  a  pseudo¬ 
pregnant  cycle.  The.se  findings,  in  general,  fit  rather  well  with  the  effects  of 
pituitary  homotransplantation,  and  with  our  interpretation  of  them. 

Specific  tests  of  luteal  activity,  aside  from  the  evidence  of  cycle  prolonga¬ 
tion,  were  not  made.  However,  the  similarity  between  our  re.sults  and  those 
of  Miihlbock  and  Boot  (2,  3),  and  the  demonstration  that  deciduoma  for¬ 
mation  occurred  during  the  prolonged  cycle  (3),  make  it  highly  likely  that 
the  homotransplanted  rat  pituitary  produced  the  effects  it  did  by  maintain¬ 
ing  the  corpora  lutea.  The.se  results,  together  with  those  of  other  experi¬ 
ments  (4),  and  of  Nikitovich- Winer  and  Everett  (8),  .suggest  strongly, 
therefore,  that  LTH  secretion  by  the  in  situ  pituitary  in  the  rat  and  mouse 
must  be  a  discontinuous  process,  since,  if  it  was  not,  the  capacity  of  the  cor¬ 
pora  to  respond  to  LTH  at  all  stages  of  the  cycle  except  proestrus,  should 
allow  functioning  corpora  to  develop  at  each  ovulation. 

The  cyclic  recurrence  of  complete  or  incomplete  estrous  smears,  even 
though  LTH  .secretion  from  the  pituitary  transplant  was  undoubtedly  con¬ 
tinuous,  probably  reflected  the  influence  of  the  folliculotrophins  (FTH)’ 

’  generic  term  for  FSH  and  LH.  See  Introduction  to  (4)  for  a  justification  for  this 
term. 
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upon  the  corpora  and  the  follicles.  Miihlbock  and  Boot  demonstrated  that 
ovulation  occurred  in  their  mice  during  these  periods  (8).  Progesterone  se¬ 
cretion  must  have  diminished  at  these  times,  for  estrogen  will  not  cornify 
the  vagina  in  the  presence  of  sufficient  progesterone.  The  corpora  of  the 
hypophysectomized  rat  bearing  an  autotransplanted  pituitary  apparently 
secrete  such  amounts  of  progesterone,  since  even  large  doses  of  estrogen  will 
not  cornify  the  vaginas  in  such  rats  (7).  In  the  intact  rat  bearing  a  homo- 
transplanted  pituitary  the  inability  of  the  corpora  to  maintain  a  constant 
level  of  progesterone  secretion  must  therefore  have  reflected  a  blocking 
effect  of  FTH  on  their  response  to  LTH.  The  frequent  “incomplete  estrus” 
smears,  however,  suggest  that,  in  the  presence  of  a  continuous  source  of 
LTH,  this  blocking  effect  may  have  been  masked  by  the  secretion  of  pro¬ 
gesterone  by  the  new  crop  of  corpora  lutea.  Studies  in  progress,  in  hyster¬ 
ectomized  rats  bearing  homotransplanted  pituitaries,  have  in  fact  shown 
that  at  any  stage  of  the  prolonged  diestrus  that  these  rats  exhibit,  only  one 
set  of  large,  pink  corpora  lutea  are  visible  in  the  ovaries  (11).  Thus,  even  if 
ovulation  was  not  reflected  in  a  complete  estrous  smear,  it  must  have  been 
associated  with  the  eventual  regression  of  the  old  corpora.  Other  evidence 
for  the  blocking  effect  of  FTH  on  the  corpora,  and  its  significance  as  one  of 
the  factors  that  limits  their  viabilitj-,  have  been  considered  in  more  detail 
in  another  paper  (4). 
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THE  ('ORPUS  LUTEUM-PITUITARY  RELATIONSHIP:  THE 
LACTv  OF  AN  INHIBITING  P:FFE(T  OF 
PROGESTERONE  ON  THE  SECRETION 
OF  PITUITARY  LUTEOTROPHIN^ 

IRVING  ROTHCHILI) 

I)i  partment  of  Obstetrics  and  Gynecology,  Western  Reserve  University 
School  of  Medicine,  Cleveland,  Ohio 

ABSTRAC'T 

Xi‘itlu*r  lieniiovarioctomy  nor  tlie  administration  of  2.0  or  4.0  ms./da\’  of 
progostorone  for  8  days  affected  the  size  of  the  corpora  lutea  of  j)seudo-pregnant 
rats.  Tlie  same  lack  of  effect  of  liemiovariectomy,  or  of  treatment  with  pro¬ 
gesterone  (5.0  or  10.0  mg./day  for  28  daj’s)  on  the  size  of  the  corpora  lutea 
was  seen  in  hypophysectomized  rats  bearing  autotransplanted  pituitaries. 
These  results,  in  comparison  with  tho.se  of  other  target  organ  hormones  on  the 
secretion  of  their  pituitarj'  trophins,  were  interpreted  as  evidence  that  the  pro- 
g(‘st(>rone-LTH  relationshii)  is  not  one  of  negativ'e  feedback. 

The  inhibition  of  secretion  of  a  pituitary  trophin  by  its  target  organ 
hormone  is  one  of  the  important  processes  through  which  the  secre¬ 
tion  rate  of  the  trophin  is  regulated.  This  type  of  control — which  re- 
.sembles  negative  feedback  in  physical  systems — is  exerted  by  the  adrenal 
cortical  hormones,  over  ACTH  secretion,  by  thyroid  hormone,  over  TSII 
secretion,  and  by  the  estrogensand  androgens  undercertain  conditions,  over 
folliculotrophin  (FTH)-  .secretion.  The  .site  of  action  of  the  target  organ 
hormone  could  be  directly  on  the  pituitary,  or  on  a  CNS  area  that  stimu¬ 
lates  the  secretion  of  these  trophins  (1).  If  the  pituitary  is  separated  from 
the  CNS  by  tran.splantation,  it  practically  cea.ses  to  secrete  FTH  (2,  li). 
This  makes  it  impossible  to  test  the  direct  effect  of  e.strogens  on  the  pitui¬ 
tary,  but  it  also  suggests  that  these  hormones  probably  act  primarily  on  a 
CNS  area  that  .stimulates  FTH  secretion.  Evidence  for  this  has  been  cited 
el.sewhere  (4).  A  small  amount  of  ACTH  may  be  secreted  by  the  trans¬ 
planted  pituitary  (o,  0)  but  no  information  is  available  on  whether  the  ad¬ 
renal  cortical  steroids  inhibit  this  secretion.  An  appreciable,  though  defi¬ 
nitely  .subnormal,  amount  of  TSII  is  secreted  by  the  transplanted  pitui¬ 
tary  ((),  7);  the  available  evidence  makes  it  almost  certain  that  the  thyroid 
hormone  may  directly  inhibit  this  secretion  (0,  7,  8,  9).  Thus,  in  the  case  of 
those  pituitary  trophins  that  are  subject  to  a  “negative  feedback”  type  of 

Recoivod  August  8,  1959. 

*  .\id(‘d  in  part  b\-  a  grant  (RG  5520)  from  tho  Division  of  .Medical  Sciences,  USPHS. 
*  FSH  and  LH;  sec  the  Introduction  to  (4)  for  the  definition  and  justification  of  this 
term. 
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control  by  their  target  organ  hormones,  it  is  apparent  that;  1)  the  major,  or 
entire,  source  of  stimulation  for  secretion  of  the  trophin  arises  in  the  CX8; 
and  2)  the  target  organ  hormone  may  suppress  the  activity  of  this  CXS 
area,  as  well  as  the  pituitary’s  slight  intrinsic  ability  to  secrete  the  trophin. 

The  transplanted  rat  pituitary  secretes  luteotrophin  (LTII),"*  however, 
at  rates  that  are  probably  equal  to  those  obtaining  in  the  intact  animal 
(2,  3,  4).  This  implies  the  possibility  that  LTH  secretion  is  an  intrinsic 
property  of  the  pituitary,  which  is  inhibited  by  a  CXS  influence.  Everett 
first  suggested  the  latter  possibility,  in  order  to  explain  the  behavior  of  the 
transplanted  pituitary  (2,  3);  evidence  in  support  of  this  is  presented  in  an¬ 
other  paper  (4),  as  well  as  in  a  recent  study  by  Barraclough  and  Sawyer 
(10).  If  the  progesterone-LTH  relationship  was  one  of  “negative  feedl)ack,” 
progesterone  could  conceivably  inhibit  LTH  secretion,  either  by  acting  at 
the  CXS  level  to  increase  the  activity  of  the  CXS  inhibiting  influence,  or  at 
the  pituitary  level,  by  reducing  its  intrinsic  ability  to  secrete  LTH.  In 
either  case,  the  administration  of  large  amounts  of  progesterone  either  to 
pseudopregnant  rats,  or  to  hypophysectomized  rats  bearing  an  autotrans- 
planted  pituitary  should  prevent  the  corpora  from  growing,  while  reduc¬ 
tion  of  the  number  of  corpora  in  such  rats,  in  the  absence  of  exogenous  pro¬ 
gesterone,  should  increase  their  growth.  Conversely,  if  the  system  was  not 
one  of  “negative  feedback,”  these  procedures  should  not  inhibit  the  growth 
of  the  corpora  lutea.  The  studies  described  in  this  paper  were  undertaken  to 
test  these  possibilities. 


MATERIALS  AND  METHODS 

-Ml  rats  were  of  the  Sprague-Dawley  strain  (Holtzman  Rat  Co.,  Madison,  Wise.). 
Body  weights  were  between  250  and  300  gm.  Only  those  rats  were  used  tliat  had  sliown 
by  <lail3'  (except  Sunday)  vaginal  smears  a  succession  of  at  least  4  normal  (4-5  day) 
cstrous  c\’cles.  The  techniques  of  hypophysectomy  and  pituitary  autotransplantation, 
and  the  criteria  used  to  judge  completeness  of  hypophysectomy,  were  exactly  as  de¬ 
scribed  elsewhere  (4). 

The  endpoint  of  maintained  LTH  secretion  was  corpus  luteum  size,  which  was 
judged  from  the  weight  of  the  fixed  organ.  At  autopsy,  the  ovaries,  after  dissection  and 
weighing,  were  placed  in  Bouin’s  fluid.  After  at  least  a  week’s  fixation  the  individual 
corpora  were  dissected  from  the  ovary,  under  a  layer  of  Bouin’s  fluid,  with  the  aid  of 
dissecting  binoculars.  They  were  then  weighetl,  usually  as  a  set  from  each  ovary,  and 
the  results  expressed  as  tlie  mean  corpus  luteum  weight  per  rat.  Weighing  was  done  in 
the  pseudopregnancy  experiment,  with  a  25  mg.  scale  Roller-Smith  torsion  balance 
(.sensitive  to  0.01  mg.),  and  in  the  other  experiments  with  a  .Mettler  balance,  type  M5 
(sensitive  to  0.005  mg.).  The  results  of  weighings  on  the  two  balances  agreed  with  one 
another,  within  a  possible  error  of  less  than  10%. 

Prog(‘sterone^  was  injected  once  per  day,  in  a  volume  of  0.2  cc.  of  sesame  oil.  The  de¬ 
tails  of  duration  of  administration  and  doses  ar(‘  given  with  the  individual  experiments. 


®  See  Introduction  to  (4)  for  the  definition  of  this  term. 

*  The  supplies  of  progesterone  used  in  this  study  were  donated  through  the  kindne.ss 
of  Dr.  Edward  Henderson,  of  the  Schering  Corporation. 
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The  corpora  lutea  were  prepared  for  microscopic  examination,  after  emheddiiif;  i’l 
paraffin,  by  sectioning  tliem  at  10  m,  and  staining  with  Harris’  hematoxylin  and  eosin. 

RESULTS 

Experiments  in  pseudopregnant  rats.  Pseudopregnancy  was  induced  hy 
mechanical  stimulation  of  the  cervix  during  proestrus  and  estrus.  The 
rats  were  divided  into  3  groups:  1)  intact  and  uninjected;  2)  hemiovari- 
ectomized  and  uninjected;  and  3)  intact  rats  treated  with  progesterone. 
The  details  of  the  experimental  conditions,  and  the  results  obtained,  are  set 
forth  in  Table  1.  In  this  experiment,  no  significant  change  in  corpus  luteum 
size  followed  either  the  reduction  of  the  total  number  of  corpora,  or  the  ad- 


Table  1.  The  effect  of  prooesteroxe,  or  of  hemiovariectomy,  ox 

CORIM  S  LCTEI  M  SIZE,  IN  PSEi  noCREC.XAXT  RATS 


Num- 
bt'r  of 
rats 

Moan  No. 

Corpus  luteum  weights  per 

rat  (mg  ) 

Kxpf'riinental  conditions’ 

corpora 

lutea 

On  day  1 

On  day  4 

\t  autopsy 

per  rat 

Mean  Range 

Mean  Range 

Mean 

Range 

I. 

Intacts;  autopsy  on  day  9 

6 

8.8 

— 

— 

l.Ho 

1.02-1.42 

II. 

Intaets;  autopsy  on  day  10 

6 

».() 

— 

— 

1.21 

1.02-1.. 36 

III. 

Hoiiiiovariectomy  on  day  1;  au¬ 
topsy  on  day  10 

3 

6.0’ 

.5.0 

0.^6**  0.61-0.69 

— 

1.23 

1.18  1.26 

IV. 

Hemiovarioctoiny  on  day  4;  au¬ 
topsy  on  day  10 

4 

4.0’ 

4.5 

— 

7.05’  0.06-1.25 

1.20 

1.10  1.28 

V. 

Intacts;  progesterone  2.0  mg.  day 
from  days  1-8;  autopsy  day  9 

.1 

8.3 

— 

— 

1.23 

1.21-1.28 

VI. 

Intacts;  progesterone  4.0  mg.  day 
from  days  1-8;  autopsy  day  9 

3 

'J.3 

— 

— 

1.32 

1.21-1.45 

•  Days  referred  to  are,  in  all  eases,  those  of  the  pseudopregnant  diestrus. 

*  From  ovary  removed  at  operation. 


ministration  of  progesterone.  The  rate  of  growth  of  the  corpus  luteum  dur¬ 
ing  pseudopregnancy  was  reflected  in  the  weights  obtained  at  days  1,  4, 
and  10  in  the  hemiovariectomized  groups. 

Experiments  in  hypophyseetomized,  and  in  hypophyscctomized,  pituitary- 
autotransplanted  rats.  The  design  of  this  experiment  was  essentially  the 
same  as  the  previous  one.  Three  groups  of  both  types  of  hypophysecto- 
mized  rats  were  observed;  1)  ovaries  intact,  and  uninjected;  2)  hemiovari¬ 
ectomized,  and  uninjected;  and  3)  ovaries  intact,  and  injected  with  proges¬ 
terone.  All  animals  were  killed  on  the  28th  day  after  operation.  All  opera¬ 
tions  were  done  on  day  1  of  the  diestrus,  in  normal  cycling  rats.  Proges¬ 
terone  injections  were  started  on  the  day  of  operation  and  were  continued 
daily  for  28  days.  The  further  details  of  this  experiment,  and  the  re.sults  are 
.shown  in  Table  2. 

In  the  hypophy.sectomized  rats  without  pituitary  autotran.splants,  the 
mean  corpus  luteum  weights  of  the  rats  with  intact  ovaries,  the  hemiovari¬ 
ectomized  rats,  and  the  progesterone  treated  rats  (o.O  mg. /day),  were 
.similar  (Table  2).  The  mean  for  the  entire  group  was  0.80  mg.,  with  a 
standard  deviation  of  0.31  mg.  (Table  2). 
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The  hypophysectomized  rats  bearing  pituitary  autotransplants  and  in¬ 
tact  ovaries  had  a  mean  corpus  luteuin  weight  of  1.85  mg.;  in  the  hemi- 
ovariectomized  rats  this  value  was  1.74  mg.  The  means  for  the  rats 
treated  with  5.0  or  10.0  mg.  of  progesterone/ day  were  2.02  and  2.08  mg., 
respectively  (Table  2). 

Histology  of  the  corpora  luteair  The  luteal  cells  of  the  hypophysectomized 
animals  without  autotransplanted  pituitaries  showed  typical  regressive 
changes  (Fig.  1,  A).  Those  of  the  animals  bearing  pituitary  autotransplants, 
regardless  of  whether  they  received  exogenous  progesterone  (Fig.  1,  B,  C,  I)) 
were  typical  of  the  healthy,  actively  secreting  corpora  lutea  described  by 
I'A’erett  (2,  8). 

Completeness  of  hypophysectomy.  Of  a  total  of  41  rats,  the  80  listed  in 

Table  2.  Effect  of  froc.esteroxe  treatment  or  of  hemiovariectomy  on 


CORI'ORA  LUTEA  OK  HYPOPHYSECTOMIZED  RATS 

BEARINCf 

AUTOTRANSPLANTED  PITUITARIES 

No. 

Mean 

Corpus  luteum  wt. 

Experimental  (troup 

of 

corpora 

rats 

lutea/ 

rat 

Mean 

Range 

I.  Hypophysectomy  alone 

4 

14.5 

0.80 

0.59-1.00 

II.  Hvpophyst'ctoiny  alone,  plus  heniiovariectoiny 

:i 

4.7 

0.7t 

0.30-1.27 

III.  Hypophysectomy  alone,  plus  progesterone  5  mg./day  X28  days 

5 

12.4 

0.86 

0.38-1.16 

All  Hypophysectomy  Alone  Groups 

12 

11.2 

0.80 

0.30-1.27' 

IV.  Hypophysectomy  plus  pituitary  autotransplantation 

7 

13.0 

t  .85 

1.58  2.03 

V.  Hypophysectomy  plus  pituitary  autotransplantation,  plus  hemiovariectomy 
VI.  Hypophysectomy  plus  pituitary  autotransplantation,  plus  progesterone 

6 

7.8 

l.U 

1.43M.89 

5  mg.  day  X28  days 

5 

12.6 

2.02 

1.90-2.14 

VII.  Hypopliy8<!ctomy  plus  pituitary  autotransplantation,  plus  progesterone 

10  mg.  /day  X28  days 

6 

9.8 

2.08 

1.71-2.31 

^  Standard  deviation  =0.31  ing. 


Table  2  satisfied  the  criteria  of  completeness  of  hypophysectomy  described 
elsewhere  (4).  The  possibility  of  incomplete  hypophysectomj'  was  noted  at 
operation  for  each  of  the  5  rats  found  to  have  remaining  pituitary  remnants 
at  autopsy,  while  the  complete  gland  was  accounted  for  at  operation,  for 
every  one  of  those  designated  as  “complete”  (4).  The  adrenal  weights  in  the 
5  “incompletes”  were:  80.8,  86.0,  87.4,  43.0  and  46.0  mg.  The  mean  ad¬ 
renal  weight  of  the  12  “completely”  hypophysectomized  rats  without  auto¬ 
transplanted  pituitaries  was  25.1  mg.  (range:  21.8-28.6),  and  of  the  24 
“completely”  hypophysectomized  rats  bearing  autotransplanted  pitui¬ 
taries,  27.4  mg.  (range:  24.0-81.4).  The  mean  adrenal  weight  of  untreated 
cyclers  of  equivalent  body  weight  in  our  colony  is  65.0  mg.,  and  the  lower 
limit  of  the  range  is  50.0  mg. 

The  gross  appearance  of  all  ovaries  in  the  “completely”  hypophysecto¬ 
mized  rats  bearing  autotransplanted  pituitaries  was  exactly  as  described  by 
Everett  (2,  8).  Under  the  microscope,  the  ovaries  of  these  rats,  and  of  the 
“completely”  hypophysectomized  rats  without  transplants  showed  only 
primordial  and  small  primary  follicles,  and  atrophic  interstitial  tis.sue. 


Fig.  1.  High  power  (X333)  photomicrographs  of  the  corpora  lutea  of  liypophy- 
sectoniized  rats,  with  or  without  autotransplanted  pituitaries  or  treatment  with  pro¬ 
gesterone.  A)  Hypophysectomy  without  autotransplantation  or  progesterone;  B)  Hy- 
pophysectomy  plus  autotransplantation,  without  exogenous  progesterone;  C)  Like  B, 
hut  with  5.0  mg.  of  progesterone/day;  D)  Like  B,  but  with  10.0  mg.  of  progesterone  day. 
All  animals  were  killed  28  days  after  hypophysectomy;  progesterone  treatimmt  was 
begun  on  the  day  of  operation  and  continued  daily  through  this  period. 
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DISCUSSION 

The  inhibiting  effect  of  a  target  organ  hormone  on  tlie  secretion  of  its 
particular  pituitary  trophin  (“negative  feedback”)  is  reflected  in  two  gen¬ 
eral  phenomena:  1)  removal  of  the  target  organ  results  in  signs  of  increased 
secretion  of  the  trophin;  and  2)  administration  of  the  target  organ  hormone 
results  in  signs  of  decreased  secretion  of  the  trophin.  Typical  of  the  latter 
is  the  regression  of  the  target  organ;  this  is  rapid  in  onset,  progressive  with 
duration  of  treatment,  and  proportional  to  the  dose  of  target  organ  hor¬ 
mone  administered.  Both  of  these  phenomena  characterize  the  relationships 
between  the  thyroid  hormone  and  TSH,  the  adrenal  cortical  steroids  and 
.\CTH,  and  the  estrogens  and  FTH,  particularly  FSH.  An  apparent  excep¬ 
tion  to  this  generalization  is  the  maintenance  of  ovarian  weight,  under  cer¬ 
tain  circumstances,  by  the  estrogens;  this  is  due,  however,  to  their  ability 
to  induce  ovulation  (11,  12),  to  maintain  the  corpora  lutea  (13,  14),  and  to 
stimulate  directly  a  certain  degree  of  follicular  growth  (15,  1(5),  and  not  to 
a  lack  of  inhibition  of  the  signs  of  FSH  secretion. 

The  actual  exception  to  the  rule  of  these  relationships  is  that  of  luteal 
progesterone  and  pituitary  LTH  in  the  rat.  As  the  following  discussion  will 
show,  both  of  the  characteristic  features  of  “negative  feedback”  are  absent 
from  this  relationship. 

Let  us  consider  first  whether  weight  is  an  adequate  parameter  of  size. 
The  histology  of  the  corpora  (Fig.  1)  permits  us  to  see  that  weight  ex¬ 
presses  differences  in  the  amount  of  healthy  appearing  luteal  cells.  There 
is  also  a  close  parallel  between  differences  in  weight  (Tables  1  and  2)  and 
differences  in  volume  (volume  being  calculated  from  the  published  data  on 
corpus  luteum  diameter)  of  the  corpora  lutea  in  the  cycle  and  pseudopreg¬ 
nancy  (17),  and  of  hypophysectomized  rats  bearing,  or  lacking,  a  trans¬ 
planted  pituitary  (2,  3).*  Weight  is  thus  undoubtedly  an  adequate  param¬ 
eter  of  size. 

The  data  thus  demon.strate  that  a)  the  corpora  do  not  grow,  or  may 
slowly  regress,  in  the  ab.sence  of  the  pituitary'  (18,  19,  20)  (compare  III  and 
IV,  in  Table  1  with  I  in  Table  2);  b)  the  corpora  grow  steadily  under  the 
influence  of  the  transplanted  pituitary  (2,  3),  as  well  as  during  the  course  of 
pseudopregnancy  (17)  (Table  1,  and  Table  2,  IV);  c)  progesterone,  in  the 
absence  of  the  pituitary,  does  not  greatly  alter  (if  at  all)  the  regre.ssion  of 
the  corpora  (Table  2,  I  and  III);  and  d)  in  the  presence  of  a  transplanted 
pituitary,  progesterone  does  not  prevent  the  corpora  from  growing  (Table 
2,  IV,  VI  and  VII).  These  facts  therefore  indicate  that  progesterone  does 
not  induce  signs  of  decreased  secretion  of  LTH. 

The  following  indicates  that  the  progesterone-LTH  relationship  akso 

®  The  shape  of  the  rat’s  cori)us  luteum  is  almost  spherical,  so  that  the  volume  can  he 
•alculated  from  the  formula:  volume  =  |ircR.  .\lthough  no  measurements  were  made  in 
‘his  study  of  corpus  luteum  weight  during  the  estrous  cycle,  the  values  given  in  Table  1 
■or  day  1  and  day  4  of  pseudopregnancy  are  probably  close  enough  to  those  of  cycling 
rats  for  comparison  with  Long  and  Evans’  values  (17). 
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fails  to  show  the  signs  of  increased  trophin  secretion  following  removal  of 
the  target  organ.  The  lack  of  compensatory  hypertrophy  of  the  corpora 
lutea  (Table  1,  I,  II,  III,  IV  and  Table  2,  IV,  V)  suggests  the  absence  of 
this  feature  of  “negative  feedback.”  More  conclusive  evidence  comes  from 
the  following  three  experiments,  the  first  two  of  which  are  unpublished.  1) 
Castration  and  ovarian  autotransplantation  of  pseudopregnant  rats  on  day 
1  of  diestrus  is  followed  by  ovulation  in  about  6  days;  the  subsequent  cycle 
is  a  pseudopregnant  one  in  only  20%  of  cases.  2)  Castration,  ovarian  auto¬ 
transplantation,  and  pituitarj'  homotransplantation  of  cyclers,  on  day  1  of 
diestrus,  is  also  followed  by  ovulation  in  about  6  days,  but  the  subsequent 
cycle  is  a  pseudopregnant  one  in  80%  of  cases.  3)  Castration  and  ovarian 
autotransplantation,  on  day  2  postpartum,  of  rats  suckling  a  2-pup  litter  is 
followed  by  ovulation  in  about  7  days,  and  in  60%  of  cases  the  subsequent 
cycle  is  a  pseudopregnant  one  (4).  In  all  three  experiments  viable  luteal 
tissue  was  absent  in  the  interval  between  operation  and  the  first  postopera¬ 
tive  estrus,  for  the  corpora  lutea  in  these  ovarian  transplants  do  not  survive 
(21).  The  operative  procedures  also  affected  the  pituitary’s  ability  to  se¬ 
crete  FTH  approximately  equally  in  each  experiment,  since  neither  LTII 
nor  the  suckling  of  a  2-pup  litter  appreciably  suppresses  FTH  secretion  or 
the  ovarian  response  to  FTH  (4).  In  the  2nd  experiment  LTH  was  secreted 
by  the  homotransplanted  pituitary  (22),  and  in  the  3rd  experiment  it  was 
maintained  by  suckling  (4).  This  secretion  of  LTH  was  undoubtedly  re¬ 
sponsible  for  the  high  frequency'  of  spontaneous  pseudopregnancies  follow¬ 
ing  the  first  postoperative  ovulation.  It  is  therefore  very  probable  that  a 
failure  of  LTH  secretion  in  the  first  experiment  accounted  for  the  low  in¬ 
cidence  of  spontaneous  pseudopregnancies.  Thus,  the  removal  of  the  cor¬ 
pora  lutea  must  have  led  to  the  cessation  of  LTH  secretion.  Together  with 
the  inability  of  progesterone  to  induce  regression  of  the  corpus  luteum, 
these  findings  certainly  show  that  progesterone  does  not  inhibit  the  secre-  ; 
tion  of  LTH,  and  in  fact,  suggest  that  progesterone  may  promote  LTH  se-  j 
cretion. 

The  latter  possibility  is  not  only  con.sistent  with  other  facts  (4),  but  also 
with  the  evidence,  summarized  elsewhere  (4)  that  supports  the  theory  that 
LTH  secretion  is  chronically  inhibited  by  a  CXS  influence  (2,  3),  and  is  pro¬ 
moted  by  agents  that  prevent  this  influence  from  affecting  the  pituitary. 
Progesterone  could  be  the  agent  that  suppresses  the  activity  of  the  CNS  in¬ 
hibiting  influence  over  LTH,  during  pseudopregnancy,  and  thus  maintains 
LTH  secretion.  This  postulation  of  the  progesterone-LTH  system  as  one  of 
“positive  feedback,”  is  in  accord  with  other  evidence  that  progesterone  can 
maintain  LTH  secretion  (4),  and  is  remarkably  useful  in  explaining  the 
cyclic  secretion  of  LTH,  and  the  ephemerality  of  the  corpus  luteum,  at 
least  in  the  rat.  The  detailed  consideration  of  these  phenomena  is  the  sub¬ 
ject  of  a  paper  in  preparation,  but  has  already  been  briefly  outlined  else¬ 
where  (4). 
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The  eontinued  growth  of  tlie  intact  rat’s  corpora  Ivitea  under  tlie  influ¬ 
ence  of  exogenous  progesterone  (23,  24)  (Table  1)  is  not  oidy  consistent 
with  this  interpretation,  but  it  cannot  be  fitted  with  the  concept  tliat  pro¬ 
gesterone  inhil)its  LTH  secretion.  When  luteal  regression  occurs,  therefore, 
in  association  with  progesterone  treatment,  as  may  be  the  case  in  pregnant 
pigs  and  sheep  (2o),  and  even  in  the  rat  if  the  treatment  is  prolonged  (2(5), 
it  more  probably  suggests  the  effect  of  factors  that  interfere  with  the  luteal 
response  to  LTH  than  it  does  the  absence  of  LTH.  Luteal  regression  in  the 
rat  in  fact  always  occurs,  in  spite  of  the  continued  secretion  of  LTH,  as  long 
as  the  pituitary  retains  its  ability  to  secrete  FTH  (4).  The  possible  effect  of 
the  latter  on  luteal  viability  is  also  discus.sed  elsewhere  (4). 
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THE  EFFEC^T  OF  CORTISONE,  HYDROCORTISONE,  AND 
9a-FLUORO-16a-HYDROXY-A'-HYDROCORTISONE  ON 
THE  ACTION  OF  DESOXAXX)RTICOSTERONE 
AND  ALDOSTERONE  WITH  RESPECT 
TO  ELECTROLYTE  EXCRETION 

TETSUO  UETE  axd  ELEANOR  H.  VENNINO 

Department  oj  Investigative  Medicine,  McGill  University  and  McGill 
University  Clinic,  Royal  Victoria  Hospital,  Montreal,  Canada 

ABSTRACT 

The  influence  of  cortisone  and  hydrocortisone  on  the  action  of  desox3  corti- 
costerone  and  aldosterone  on  sodium  and  potassium  excretion  was  investigated 
in  adrenalectomized  rats.  The  results  showed  that  with  increasing  doses  of  corti¬ 
sone  and  hydrocortisone  an  antagonistic  action  to  the  sodium  retaining  effect 
of  dcsoxycorticosterone  and  aldosterone  occurred.  Oa-fluoro-KJa-hj-drox.v-A'- 
hjdrocortisone,  similarlj’,  had  a  marked  antagonistic  action  at  much  lower 
dose  levels.  The  steroids  cortisone,  hj-drocortisone,  9a-fluoro-16iv-h}-droxj--A'- 
hj’drocortisone,  and  the  steroids  desoxj’corticosterone  and  aldosterone,  each 
facilitated  i)otassium  excndion  in  adrenalectomized  rats;  the  simultaneous  ad¬ 
ministration  of  anj'  one  of  the  former  with  either  of  the  latter  produced  an  in¬ 
creased  effect  on  potassium  excretion. 

The  adrenal  cortex  secretes  a  number  of  steroid  hormones  which  affect 
sodium  excretion  to  a  varying  degree.  The  synergistic  or  antagonistic 
action  of  various  adrenal  cortical  hormones  on  the  absorption,  distriltution, 
and  excretion  of  electrolytes  and  their  interplay  with  each  other  are  not 
well  understood.  Soffer  et  al.  (1,  2)  have  demonstrated  that  the  amount  of 
sodium  chloride  excreted  after  intravenous  injection  of  normal  saline  was 
decreased  by  the  prior  intramuscular  injection  of  DCA  in  normal  individ¬ 
uals,  whereas  it  was  increased  by  the  same  amount  of  DCA  under  the  same 
condition  in  patients  with  Cushing’s  syndrome.  Woodbury  et  al.  (3)  found 
that  chronic  administration  of  DCA  to  intact  rats  increased  the  concentra¬ 
tion  of  plasma  sodium.  When  ACTH  was  used  concomitantly  with  DCA, 
the  plasma  sodium  concentration  was  restored  to  normal,  whereas  the  de¬ 
creased  plasma  potassium,  chloride  and  magnesium  concentration  found 
after  chronic  administration  of  DCA  was  unaffected  by  ACTH.  More  re¬ 
cently,  Selye  (4)  has  .studied  the  anticortisol  action  of  aldo.sterone  from  the 
morphological  point  of  view  and  has  demonstrated  that  the  concurrent  ad¬ 
ministration  of  aldo.sterone  and  hydrocortisone  in  the  ratio  1  to  8  inhibits 
all  the  morphological  action  of  the  latter. 
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The  modified  response  to  DCA  after  intravenous  saline  administration  in 
Cushing’s  syndrome  and  the  lowering  effect  of  ACTH  on  hypernatremia 
induced  by  DCA  in  intact  rats,  may  be  interpreted  as  an  antagonism  be¬ 
tween  the  steroids  cortisone,  hydrocortisone,  corticosterone,  and  the  ster¬ 
oids  desoxycorticosterone  and  aldosterone. 

In  order  to  study  the  effect  of  cortisone,  hydrocortisone,  and  9a-fluoro- 
IGa-hydroxy-A'-hydrocortisone  on  the  action  of  desoxycorticosterone  and 
aldosterone  on  electrolyte  excretion,  the  following  experiments  were  under¬ 
taken. 

METHOD 

Mature  male  hooded  rats,  weighing  170  to  ISO  gm.,  were  used  in  all  experiments. 
The  rats  were  adapted  to  a  constant  temperature  (78°  F)  and  humidity  (45%)  for  24 
hours  before  adrenalectomy  and  remained  on  a  diet  of  Purina  fox  chow  and  tap  water. 
Bilateral  adrenalectomy  was  performed  by  the  procedure  described  by  Ingle  and  tlriflith 
(5).  Following  the  operation  the  rats  were  given  a  solution  of  1%  saline  and  5%  glucose 
and  were  fed  the  same  diet.  The  rats  were  used  on  the  third  day  following  adrenalectomy. 
Fifteen  hours  before  the  test,  the  saline  solution  was  removed  and  replace<l  by  a  5% 
glucose  solution.  Food  and  drinking  fluid  were  removed  one  hour  before  the  injection  of 
test  substances,  which  were  given  at  9  a.m.  The  rats  in  the  test  groups  each  received 
subcutaneously  0.1  cc.  of  95%  ethanol  containing  the  various  steroids  and  3.5  cc.  of 
distilled  water  intraperitoneally.  The  rats  in  the  control  group  also  received  0.1  cc.  of 
ethanol  subcutaneously  and  the  same  amount  of  distilled  water  intraperitoneally  as 
those  in  the  test  groups.  The. animals  were  put  into  individual  metabolic  cages.  Trine 
was  collected  at  different  time  intervals  as  indicated  in  the  experiments.  At  the  end  of 
the  collection  period,  inhalation  of  ether  was  used  to  stimulate  emptying  of  the  bladder. 
The  funnels  of  the  metabolic  cages  were  washed  with  20  cc.  of  distilled  water  at  the  end 
of  the  collection  of  urine  for  more  accurate  transfer.  Variation  in  timing  was  minimizc'd 
by  taking  each  rat  in  the  same  order  for  all  procedures. 

In  the  first  experiment  shown  in  Table  1,  the  rats  were  allowed  to  take  excess  distilled 
water  from  the  bottle  attached  to  the  outside  of  the  metabolic  cages.  Since  little  or  no 
fluid  was  drunk  during  the  experiments,  additional  drinking  fluid  was  omitted  in  sub¬ 
sequent  experiments. 

The  sodium  and  potassium  content  of  the  urine  was  measured  by  flame  photometry 
using  an  Internal  Lithium  Standard  (6). 

RESULTS 

E^ffcct  of  Cortisone  on  the  Action  of  DCA 

Adrenalectomized  rats  were  subdivided  into  five  groups.  There  were  12 
rats  in  each  group.  The  rats  in  Group  1  served  as  controls.  Those  in  Group 
2  received  3  gg.  of  DCA  in  0.1  cc.  of  95%  ethanol  subcutaneously,  and  those 
in  Groups  3,  4,  and  5  received  3  mK-  of  DCA  plus  12,  75,  and  120  /ig-  of  cor¬ 
tisone,  respectively.  Urine  samples  were  collected  at  intervals  of  2  hours. 
Results  are  listed  in  Table  1.  Under  the  condition  of  this  assay,  3  Mg-  of 
DCA  produced  a  marked  sodium  retention,  which  lasted  over  10  hours. 
When  12  gg.  of  cortisone  was  given  with  3  gg.  of  DCA,  a  greater  sodium  re¬ 
tention  was  observed.  When  the  cortisone  was  increased  to  75  gg.,  the 
>odium  excretion  was  approximately  the  same  as  that  of  the  rats  receiving 
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Table  1.  The  effect  of  DCA  and  cortisone  on  electrolyte 
excrf;tion  in  adrenalecto.mized  rats 


Hours 

ri  rats  in  oadi  eroiip  -  —  -  . .  .  -  -  -  ^ 

2  4  6  8  10 

I'rim*  excretion  ee.  rat  2  hours  Mi'an  +  S.I). 

1.  Control  1.08  ±  0.48  1.06  ±0.71  1.13  ±0.66  1.72  ±0.81  1.20  ±0.27 

»3.27  ±  0.82  (100<:c) 

2  IX’A  3 /ig.  0.57  ±  0.23  0.57  ±0.30  1.00  ±0.10  1.47  ±0.27  1.15  ±0.5:1 

•2.14  ±0.55  (  65';) 

3.  DCA  3 Mg.  Cortisone  12  mK.  <•  48  ±  0.18  0.39  ±0.15  1.12  ±0.;}2  1.28  ±0.53  1.26  ±0.35 

*2.09  ±0.43  (  63'i) 

4.  OCA  3  Mg.  Cortisone  75  Mg.  0.62  ±0.42  l.(H)  ±0.31  1.58  ±0.44  1.29  ±0.84  1.10  ±0.29 

*3.20  ±0.62  (  97%) 

5.  nCA  3 Mg.  Cortisone ±20 Mg.  110  ±0.61  1.33  ±0.45  1.40  ±0.38  1.25  ±0.73  1.51  ±0.53 

*3.83  ±0.97  (117';;) 

Xa  excretion  iiieq.,  rat  2  hours  Mean±S.O. 

1.  Control  0.064  ±0.<I06  0.065  ±0.015  0.085±0.025  0.128±0.0:12  0.126±0.n25 

*0.214±0.013  (10()'  ;) 

2.  l)CA3Mg.  0.0:i8±0.(K)3  0.020  ±0.(H)6  0.047  ±0.(K)9  0.089  ±0.(M)8  0.089  ±0.024 

*0.105±0.(H)6(  49':4) 

3.  DCA  3  Mg.  Cortisone  12 MS.  0.020±0.010  0.010±0.lH)3  0.031  ±0.(K)8  0.050  ±  0.(X)9  0.083  ±0.003 

*0.061  ±0.012  (  28%) 

4.  DCA  3 Mg.  Cortisone  75 Mg.  0.0.36±  0.017  0.041  ±0.003  0.040  ±  0.008  0.063  ±0.017  0.077±0.014 

*0.117±  0.026  (  54%) 

5.  DCA3Mg.Cortisonel20Mg.  0.052  ±  0.017  0.052  ±  0.004  0.(Ht5±0.(Ht8  0.112±0.024  0.1.36±0.020 

*0. 199 ± 0.024  (  94%) 

K  excretion  iueq.  ,rat,'2  hours  Mean±S.D. 

1.  Control  0.028  ±0.(K)2  0.040  ±  0.014  0.058  ±  0.013  0.076  ±  0.021  0.064  ±0.(KI8 

*0.126±0.021  (100%) 

2.  DCA  3  Mg.  0.027  ±0.(K)2  0.028±  0.008  0.069  ±  0.003  0.074  ±0.014  0.060±0.(HI8 

*0.124±0.(KH»  (  98';;) 

3.  DCA  3  Mg.  Cortisone  12  Mg.  0.025  ±0.(KH  0.031  ±0.016  0.087  ±0.(K)2  0.089  ±0.(K)3  0.072  ±0.011 

*0.143±0.010(115%) 

4.  DCA  3 Mg.  Cortisone  75 Mg.  0.027±  0.014  0.049  ±  0.009  0.105  ±  0.012  0.060  ±  0.014  0.074  ±0.009 

*0.181  ±0.034  (143%) 

5.  DC  A  3  Mg.  Cortisone  120  Mg.  0.035  ±  0.009  0.052  ±  0.012  0.099  ±0.(H)6  0.078±  0.014  0.084  ±0.027 

*0.186±  0. 009(147',;) 


*  Total  excretion  over  a  6-hour  period. 
(  )  %  of  the  control  value. 


3  of  DCA,  except  for  the  2-  to  4-hour  period.  With  120  mK-  of  cortisone, 
a  slight  diminution  of  sodium  excretion  was  noted.  In  the  control  group  the 
.sodium  excretion  over  a  six-hour  period  was  0.214  ±0.013  meq  per  rat.  The 
DCA  treated  group  excreted  O.lOo  ±0.000  meq  per  rat  and  the  groups  to 
which  added  cortisone  was  giv’en  in  amounts  of  12,  75,  and  120  mS-  excreted 
0.001  ±0.012,  0.117  ±0.020,  and  0.199  ±0.024  meq  per  rat,  respectively. 
The  mean  rate  of  .sodium  excretion  of  the  DCA  treated  group  of  rats  over  a 
0-hour  period  was  49%  of  the  control  group  (P  <0.01).  When  DCA  plus  12 
)ug.  of  cortisone  was  given,  the  sodium  excreted  was  28%  of  the  control 
value.  This  .sodium  retention  is  significantly  greater  (P  <0.01)  than  that  of 
the  group  treated  with  DCA  alone.  With  75  /xg-  of  cortisone,  the  sodium  ex¬ 
cretion  was  54%  and  with  120  /xg-  it  was  94%  of  that  of  the  control.  The 
sodium  retaining  action  of  3  Mg-  of  DCA  was  diminished  by  120  Mg-  of  corti¬ 
sone  and  this  difference  was  significant  statistically  (P<0.01,  compared 
with  the  value  of  DCA  alone). 
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The  rates  of  excretion  of  potassium  after  DCA  and  cortisone  administra¬ 
tion  are  also  shown  in  Table  1.  Concomitant  use  of  cortisone  and  DCA  re¬ 
sulted  in  a  greater  potassium  excretion  than  that  observed  with  DCA  alone. 
The  potassium  excretion  over  a  0-hour  period  in  the  control  group  was 
0.120  ±0.021  meq  per  rat.  The  DCA  treated  group  excreted  0.124  +0.000 
meci  per  rat  (P  >0.1)  and  the  groups  to  which  added  cortisone  was  given  in 
amounts  of  12,  7.5,  and  120  mK-  excreted  0.143+0.010  (P>0.1,  compared 
with  the  control),  0.181+0.0.34  (P  =  0.0.5),  and  0.180  ±0.009  (P<0.01) 
me(i  per  rat,  respectively. 

E_fl'ert  of  Hydrocortisone  on  the  Action  of  DCA 

The  second  experiment  was  performed  with  hydrocortisone  and  DCA. 
Six  groups  of  12  rats  were  used.  Croup  1  served  as  controls  and  received 
ethanol.  Croup  2  received  .3  mS-  of  DCA,  Croups  3,  4,  and  5  received  3  mS- 
of  DCA  plus  varying  amounts  of  hydrocortisone  in  ethanol.  The  urine  was 
collected  over  a  7-hour  period.  The  results  are  .shown  in  Table  2.  The 
sodium  excretion  of  the  control  group  was  0.21.5  ±0.00.5  me(}  per  rat  and 
that  of  the  rats  treated  with  3  mK-  of  DCA  was  0.0,53  ±0.022  meq  per  rat. 
The  .sodium  excretion  by  the  rats  treated  with  1.5,  100,  200,  and  400  ng.  of 
hydrocortisone  in  addition  to  3  fig.  of  DCA  was  respectively  0.121  ±0.00.5, 
0.230  ±0.07.5,  0.2,57  ±0.04.5,  and  0.3.52  ±0.102  meq  per  rat.  In  this  experi¬ 
ment,  1.5  ng.  of  hydrocortisone  diminished  the  sodium  retaining  action  of 
DCA  (P  <0.01),  and,  at  a  dose  level  of  100  /xg.  of  hydrocortisone,  the  .sodium 
retaining  action  of  3  mS-  of  DCA  was  completely  inhibited.  With  200  and 
400  ng.  of  hydrocortisone,  sodium  excretion  was  greater  than  that  of  the 
control  group  even  in  the  presence  of  DCA. 

The  concomitant  u.se  of  DCA  and  hydrocortisone,  however,  resulted  in  a 
greater  potassium  excretion  than  that  obtained  with  DCA  alone.  These  re¬ 
sults  are  shown  in  Table  2.  The  mean  potassium  excretion  of  the  rats 
treated  with  3  ixg.  of  DCA  was  107%  of  that  of  the  control  (P>0.1).  The 
addition  of  hydrocortisone  in  amounts  of  15,  100,  200,  and  400  fig.  resulted 
in  an  increased  potassium  excretion.  Potas.sium  excretion  was  re.spectively 
129,  223,  200,  and  3,51%  of  that  of  the  control  group  (P<0.01  in  each 
case). 


Tabi.e  2.  The  effect  of  DCJA  and  hydrocortisone  on  ei.ectro- 

l.YTE  EXCRETION  IN  ADRENAI.ECTOMIZED  RATS 


12  rats  in  each  $rronp 

Urine  cc.  rat 
^lean  ±  S.I). 

Na  meq 

rat 

K  incq. 

rat 

Mean  ±  S.D. 

%  of  the 
control 

Mean  ±  S.I). 

%  of  the 
control 

1.  Control 

3. 81  ±1.05 

0.215±0.065 

0.130  ±0.032 

DCA.SmK. 

2.86±0.85 

0.053  ±0.022 

24 

0.150  ±0.016 

107 

3.  UCA  li  Hydrocortisone  15 

3.23  ±0.85 

0.121  ±0.(K)5 

.56 

0.180±  0.062 

120 

4.  iH’A  3  HR.  Hydrocortisone  100  hr. 

5.68±1.45 

0.2.30  ±0.075 

107 

0.311  ±0.075 

223 

5.  DCA  3  >ig.  Hydrocortisone  2(K)  /ig. 

7.55±2.50 

0.257  ±0.045 

11!) 

0..370±0.(M3 

266 

1).  DCA  3  HR’  Hydrocortisone  4(K)  hR- 

8.50±3.76 

0.352  ±0.102 

163 

0.448  ±0.046 

351 

Urine  collected  over  a  7-hour  period. 
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Tablk  3.  The  effect  of  d-I-aldosterone  and  hydrocortisone  on 

ELECTROLYTE  EXCRETION  IN  ADRENALECTOMIZEI)  RATS 


12  rats  in  each  itroup 


U rine  cc.  ''rat 
Niean±S.D. 


Na  nieq/rat 


Mean  ±  S.D. 


%  of  the 
control 


K  nieq/rat 


Mean  ±  S.D. 


%  of  the 
control 


1.  Control  4. 70 ±2. 60 

2.  -Aldosterone  1 /iK-  3.85 ±2. 10 

3.  -Aldosterone  1  mK-  Hydrocortisone  15  >iR.  3. 50 ±  1.25 

4.  -Aldosterone  1  mK-  Hydrocortisone  100  5. 46 ±1.00 

5.  -Aldosterone  1  Hydrocortisone  200  ^g.  6. 76 ±1.85 

6.  -Aldosterone  1  /»g.  Hydrocortisone  400  ><g.  6 . 25  ±  2 . 40 


0.112±0.024 

0.154±0.025 

0.t)46±0.015 

41 

0.170±0.(H7 

no 

0.0.39  ±0.0X9 

34 

0.161±0.031 

104 

0.083  ±0.037 

74 

0.253  ±0.069 

164 

0.096  ±0.036 

85 

0.318  ±0.087 

206 

0.119±0.046 

106 

0.327±0.048 

212 

Urine  collected  over  a  7-hour  period- 


Ejfect  of  Hydrocortisone  on  the  Action  of  Aldosterone 

The  third  experiment  was  performed  with  hydrocortisone  and  aldo¬ 
sterone.  The  rats  of  the  control  group  and  of  the  test  groups  were  treated  as 
described  in  the  second  experiment.  The  results  are  shown  in  Table  3.  The 
administration  of  1  mK-  of  d-l-aldosterone  caused  a  marked  sodium  reten¬ 
tion  compared  with  that  of  the  control.  When  15  mK-  of  hydrocortisone  was 
given  in  addition  to  the  aldosterone,  more  sodium  retention  occurred,  but 
this  difference  was  not  significant  (P>0.1).  With  higher  doses  100  and  200 
Mg.  of  hydrocortisone  atlded  to  original  dose  of  1  mS-  of  aldosterone,  less 
sodium  was  retained  (P  <0.01),  and  at  the  level  of  400  Mg-  the  sodium  re¬ 
taining  action  of  1  Mg-  of  d-l-aldosterone  Avas  abolished.  In  contrast  to 
these  findings,  the  concomitant  use  of  hydrocorti.sone  and  aldosterone  re¬ 
sulted  in  a  more  marked  potassium  excretion  than  aldosterone  used  alone. 
On  comparison  of  the  difference  between  the  means  of  the  potassium  excre¬ 
tion  of  the  groups  treated  with  aldosterone  alone,  and  with  aldosterone 
and  hydrocortisone,  P  was  le.ss  than  0.01  in  each  case  except  in  the  group 
treated  with  aldosterone  and  hydrocortisone  15  Mg- 


The  Effect  of  9a-fluoro-16a-hydroxy-A}-hydrocortisone  on  the  Action  of 
DCA 

The  study  was  carried  out  in  a  similar  manner  using  5  groups  of  rats  and 
the  results  are  shown  in  Table  4.  Injection  of  4  Mg-  of  DCA  alone  resulted  in 
a  marked  sodium  retention.  When  5,  10,  or  40  Mg-  of  9a-fluoro-16a-hydroxy- 
A‘-hydrocortisone  were  given  simultaneously  with  4  Mg-  of  DCA  the  sodium 


Table  4.  The  effect  of  Ga-FLlORO-lGa-HYDROXY-A'-HYDROCORTISONE 
(Tria-mcinolone)  and  DC.\  on  electrolyte  excretion 
IN  ADRENALECTOMIZED  RAT.S 


Na  nieq  rat  K  nicq/rat 


12  rats  in  each  group 

L  nne  cc.  Tat 
Mean  ±  S.D. 

Mean  ±  S.D. 

%  of  the 
control 

Mean  ±  S.D. 

%  or  the 
control 

1. 

Control 

3.21±0.84 

0.108  ±0.022 

0.087  ±0.0.35 

2. 

DCA  4  MR. 

2.88±0.69 

0.043  ±0.018 

39 

0.12.3±0.013 

141 

3. 

DCA  4  mK-  Triamcinolone  5 

5.23±0.14 

0.135±0.005 

125 

0.188±0.025 

216 

4. 

DCA  4  /iR*  Triamcinolone  10  /ig. 

6.17±1.25 

0.185±0.036 

171 

0.259  +  0.010 

297 

5. 

DCA  4  /ig.  Triamcinolone  40  ^g. 

7.50±1.80 

0.186±0.018 

172 

0..349±  0.026 

401 

Urine  collected  over  a  6-hour  period- 
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retaining  action  of  DCA  was  completely  inhibited  (P  <0.01  in  each  ease). 

Potassium  excretion  was,  however,  enhanced  by  DCA.  Concomitant  u.se 
of  DCA  and  9a-fluoro-l()a-hydroxy-A*-hydrocortisone  resulted  in  still 
greater  pota.ssium  excretion  than  that  observed  with  DCA  alone.  On  com¬ 
parison  of  the  difference  between  the  means  of  the  control  and  treated 
groups,  P  was  le.ss  than  0.01  in  each  case. 

DISCUSSION' 

Quantitative  and  (|ualitative  adjirstment  and  interplay  between  corti¬ 
costeroids  may  be  an  important  factor  in  regulating  various  biological 
phenomena.  The  pre.sent  studies  were  undertaken  to  clarify  the  (piestion  of 
whether  cortisone  and  hydrocortisone  are  actually  antagonists  to  aldo- 
.sterone  or  desoxycorticosterone  with  respect  to  electrolyte  metabolism. 
The  results  obtained  show  that  rather  large  amounts  of  cortisone  and 
hydrocortisone  increased  sodium  excretion  even  in  the  presence  of  DCA  or 
aldosterone,  which,  in  themselves,  each  caused  decreased  sodium  excretion 
under  the  same  conditions.  Thus,  400  mS-  of  hj'drocorti.sone  nullified  the 
sodium  retaining  action  of  1  mS-  of  d-l-aldosterone  in  adrenalectomized 
rats.  At  the  present  time,  it  is  difficult  to  say  whether  this  effect  is  brought 
about  by  inhibition  of  tubular  reabsorption  of  sodium  or  by  increasing 
glomerular  filtration  rate.  Davis  and  Howell  (7)  found  in  the  intact  dog 
that  a  natriuresis  accompanied  the  rise  in  glomerular  filtration  rate,  in¬ 
duced  by  cortisone  or  ACTH.  Similarly,  Carrod  et  al.  (8)  demonstrated  in 
the  adrenalectomized  dog  that  after  cortisone  administration  there  was  a 
clear  correlation  between  filtration  rate  and  sodium  output,  though  the 
latter  was  slightly  less,  and  the  fraction  of  filtered  sodium  reabsorbed 
.slightly  higher  than  at  parallel  levels  of  filtration  without  cortisone.  Thus, 
though  corti.sone  increases  sodium  reabsorption,  this  effect  is  masked  by 
the  increased  filtration  of  this  ion.  Raiz  et  al.  (9)  also  demon.strated  that  in 
man  single  intravenous  infusion  of  hydrocortisone  regularly  produced  an 
increase  in  glomerular  filtration  rate.  Moreover,  Roberts  and  Pitts  (10), 
and  Garrod  et  ah  (8)  have  shown  in  the  adrenalectomized  dog  that  when 
cortisone  and  DCA  were  given  together  reabsorption  of  sodium  became 
complete,  despite  increased  filtration,  and  that  the.se  steroids  did  not  have 
opposite  effect  on  the  renal  excretion  of  .sodium.  Thorn  et  al.  (11),  however, 
reported  that  patients  receiving  5  mg.  of  DCA  per  day  showed  an  im¬ 
mediate  increase  in  sodium  excretion  when  100  mg.  of  cortisone  per  day  was 
added.  Ross  (12)  has  demonstrated  in  man  that  corticosterone  or  hydro- 
corti.sone  given  simultaneously  with  aldosterone  decreased  the  sodium  re¬ 
taining  effect  of  aldosterone. 

In  the  present  studies  in  the  rats,  with  increasing  do.ses  of  corti.sone 
and  hydrocortisone,  an  antagonistic  action  to  the  .sodium  retaining  effect 
of  DCA  and  aldo.sterone  occurred.  These  natriuretic  effects  of  corti.sone 
and  hydrocortisone  even  in  the  pre.sence  of  DCA  or  aldosterone  are  most 
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likely  due  to  the  superimposition  of  the  effects  of  cortisone  or  hydrocorti¬ 
sone  in  increasing  glomendar  filtration  rate  on  their  effects  on  sodium 
reahsorption  hy  the  renal  tubules,  since  most  previous  studies  (7,  S,  9,  13) 
have  indicated  that  cortisone  and  hydrocortisone  facilitate  sodium  excre¬ 
tion  hy  increasing  the  glomerular  filtration  rate.  Dingman  ct  al.  (14)  have, 
however,  reported  in  man  that  intravenous  administration  of  hydrocorti¬ 
sone,  in  small  doses,  frequently  produced  a  decline  in  tubular  reabsorption 
of  sodium.  It  is,  therefore,  still  a  matter  of  dispute  whether  cortisone  or 
hydrocortisone  inhibits  tubular  reabsorption  of  sodium  even  in  the  pres¬ 
ence  of  aldosterone  or  DCA. 

With  regard  to  potassium,  various  adrenal  cortical  steroids  enhanced  the 
excretion  of  this  electrolyte  in  the  present  studies.  When  the  combination 
of  DCA  or  aldosterone  with  cortisone  or  hydrocortisone  was  given,  the 
action  of  the  two  types  of  corticoids  on  the  renal  excretion  of  potassium 
was  (}ualitatively  similar  in  contrast  to  the  action  on  sodium.  Besides  the 
renal  effect,  extrarenal  effects,  such  as  an  influence  on  intracellular  potas¬ 
sium,  may  be  involved  in  increased  potassium  excretion  by  these  steroids. 

A  synthetic  steroid,  9a-fluoro-16a-hydroxy-A'-hydrocortisone,  at  much 
lower  dose  levels  than  cortisone  or  hydrocortisone,  also  antagonized  the 
sodium  retaining  action  of  DCA.  In  the  present  investigation,  5  mK-  of  this 
steroid  completely  inhibited  the  sodium  retaining  action  of  4  fig.  of  DCA. 
From  the  present  data,  it  is  not  possible  to  determine  the  mechanism  of 
the  natriuretic  action  of  this  steroid,  which  may  be  due  to  an  increased 
glomerular  filtration  rate  or  to  an  interference  with  the  tubular  reabsorp¬ 
tion  of  sodium.  As  this  steroid  has  been  shown  to  have  a  potent  hydrocor¬ 
tisone-like  activity  on  carbohydrate  metabolism  (15),  it  may  act  by  the 
same  mechanisms  as  hydrocortisone  or  cortisone.  The  presence  of  the  C- 
l()-hydroxyl  group  in  this  steroid  is  of  special  interest,  since  potent  sodium 
retaining  steroids  are  deprived  of  their  salt  retaining  properties  by  the  in¬ 
troduction  of  a  C-l()-hydroxyl  group  (15).  Further  studies  regarding  the 
biological  role  of  Ifi-hydroxylated  steroids  would  be  of  interest,  because 
several  steroids,  having  a  hydroxyl  group  at  C-10,  have  been  isolated  from 
human  urine  (l(i-23). 
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HIPHASIC  EFFECT  OF  TSH  ON  THYROIDAL  IODIDE 
C’OLLECTION  IN  RATS'-* 

N.  S.  HALMI,  D.  K.  GHANNFH,*-'  D.  J.  DOUGHMAN,* 

B.  IL  PETERS^  AND  G.  MULLER 

Department  of  Anatomy,  State  University  of  Iowa,  Iowa  City,  Iowa 
ABSTRACT 

Assessing  the  activitj"  of  the  thyroidal  iodide  pump  by  measuring  the 
thyroid/serum  radioiodide  gradient  (T/S),  we  found  the  stimulatory  effect  of 
'I’SII  to  have  a  latcnej-  of  from  about  8  hours  to  12  hours  or  more.  The  longer 
latent  periods  were  observed  in  rats  whose  initial  T/S  was  relatively  high.  The 
rise  in  the  T/S  was  preceded  by  a  depression  of  this  ratio,  whether  h3-pophj-- 
sectomized,  normal,  or  triiodothj-ronine  (T3)  treated  rats  were  injected  with 
TSH.  This  biphasic  response  was  elicited  with  .\rmour  TSH,  lyophilized  rat 
pituitarj-  tissue  and  Bates’  highly  purified  mouse  tumor  and  bovine  TSH 
j)rej)arations;  it  seems  therefore  reasonable  to  attribute  it  to  TSH  proper 
rather  than  some  contaminant(s).  The  same  kind  of  response  was  also  ob¬ 
served  in  rats  whose  thyroids  were  purged  of  organic  iodine  with  goitrogens  and 
whose  endogenous  TSH  output  was  subsequently  inhibited  b}-  giving  T3  along 
with  the  antithyroid  drugs;  this  indicates  that  the  initial  depression  of  the  T/S 
is  not  due  to  flooding  of  the  thj-roidal  iodide  pool  with  stable  iodide  derived  from 
iodotj-rosines  through  deiodination,  nor  to  inhibition  of  iodide  pump  activit}-  bj- 
iodothyronines  liberated  from  thyroglobulin  bj'  TSH.  When  organic  binding 
of  iodine  was  not  blocked,  stimulation  of  thj-roidal  B’*  uptake  was  observed  in 
hj'pophj'sectomized  rats  4  hours  after  the  injection  of  TSH,  although  in  blocked 
glands  of  similar  animals  the  T/S  was  depressed.  Unidirectional  active  iodide 
clearance  bj’  the  thyroid  (estimated  on  the  basis  of  clearance  during  the  first 
3  minutes  following  injection  of  I'*‘)  was  unchanged  in  hj-pophj-sectomized  rats 
examined  4  hours  after  the  injection  of  TSH,  but  the  thj-roids  of  such  rats  lost 
in  vivo  accumulated  radioiodide  at  a  faster  rate  in  vitro  than  did  those  of  un¬ 
treated  hj-poplu’sectomized  animals.  It  therefore  appears  that  a  relativelj-  early 
effect  of  TSH  maj-  be  an  enhancement  of  the  exit  rate  constant  for  thj-roidal 
iodide  (increased  permeabilitj-  of  thj-roid  cell  membranes?).  The  stimulating  in¬ 
fluence  of  TSH  on  the  active  uptake  of  iodide  by  the  rat  thj-roid,  on  the  other 
hand,  is  remarkabh-  slow.  Differences  between  the  periods  of  latencj-  for  the 
effects  of  TSH  on  various  thj-roid  functions  are  discussed. 

SEVERAL  3'ears  ago  one  of  u.s  made  the  puzzling  observation  that  the 
initial  effect  of  TSII  on  the  T/S  of  hypophysectomized  rats  fed  a  low 
iodine  diet  was  to  depress  this  ratio  (1).  The  expected  rise  in  the  T/S  oc- 
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*  The  following  abbreviations  will  be  repeatedlj-  used  in  this  paper;  TSH  =  th3’ro- 
trophin;  T/S  =  thyroid /serjm  radioiodide  concentration  ratio;  T/M  =  thyroid/medium 
radioiodide  concentration  ratio;  T3  =  3,5,3'-L-triiodothyronine  sodium;  PTU  =  propj'l- 
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curred  only  later.  The  purpose  of  this  study  was  to  throw  some  light  on  the 
mechanism  whereby  TSH  lowers  the  T/S. 

MATERIALS  AND  METHODS 

Because  of  the  diversity  of  the  exiieriinental  procedures  used,  tliis  section  will  only 
deal  with  materials  and  methods  common  to  several  experiments.  Details  regarding  in¬ 
dividual  experiments  will  be  presented  in  the  text  of  the  main  section,  as  footnotes  to 
tables,  or  as  figure  captions. 

Unless  otherwise  indicated,  j'oung  adult  male  Sprague-Dawley  rats  were  used. 
Hypophyscctomized  rats  were  purchased  from  the  Hormone  Assay  Laboratories,  Chi¬ 
cago,  Ill.  Only  results  obtained  in  rats  with  testicular  and  accessory  sex  gland  atrophy 
and  empty  sellae,  as  determined  by  gross  examination,  are  included  in  this  report.  Diets 
fed  were  Purina  laboratory  chow  or  a  low  iodine  (Remington)  diet  supplied  by  Nutri¬ 
tional  Biochemicals,  Inc.,  Cleveland,  Ohio,  .\fter  the  injection  of  TSH  the  rats  received 
only  water.  The  TSH  generally  used  was  .\rmour  material  containing  0.9  U.S.P.  u.  mg.^ 
If  other  TSH  preparations  were  employed,  this  will  be  mentioned  in  the  text.  Blocking 
of  thyroidal  binding  of  iodide  as  a  preliminar}-  to  the  determination  of  the  T/S  was  ac¬ 
complished  by  the  s.c.  injection  of  6-20  (usually  12)  mg.  of  PTU  in  alkaline  solution. 
The  standard  procedure  was  to  inject  carrier-free  XaP^'  s.c.  45  minutes  later,  and  to  kill 
the  rats  1-H  hours  after  that.  Departures  from  this  routine  will  be  indicated.  The  T  S 
was  determined  by  the  method  of  VanderLaan  and  Greer  (2).  .\11  counting  of  radio- 
activitj’  was  done  with  a  thin  mica  end-window  Geiger-Miiller  counter.  Statistical  sig¬ 
nificance  of  differences  between  groups  was  assessed  by  Student’s  t-test.  Only  thos(‘  P 
values  which  were  0.10  or  lower  will  be  presented. 

EXPERIMENTAL  AND  COMMENT 

1.  Is  the  hiphasic.  effect  of  TSH  on  the  T/S  reproducible? 

The  experiments  which  are  described  in  our  study  permit  us  to  answer 
this  question  in  the  affirmative.  The  original  observation  (1)  pertained  to 
the  effect  of  0.9  u.  of  TSH  injected  s.c.  into  hypophysectomized  rats  main¬ 
tained  on  a  Kemington  diet.  It  showed  diminution  of  the  T/S  3-5  hours 
after  TSH,  recovery  at  7  hours  and  elevation  at  13  hours.  Figure  lA  dem¬ 
onstrates  that  a  comparable  time  curve  of  the  T/S  was  observed  following 
the  intravenous  administration  of  0.9  u.  of  TSH  to  similar  rats.  Figure 
1  B  shows  that  even  when  the  T/S  was  drastically  depressed  by  Ta,  a  phe¬ 
nomenon  analyzed  in  an  earlier  paper  (3),  s.c.  administration  of  5  u.  of 
TSH  further  lowered  this  ratio  before  raising  it.  When  5  u.  of  TSH  were 
injected  s.c.  into  intact  rats,  a  transient  diminution  of  the  T/S  was  again 
evident.  In  one  experiment  (Fig.  1  C)  this  change  was  present  4  hours  after 
the  injection,  but  its  duration  was  not  determined.  In  a  second  experiment 


thiouracil;  MMI  =  methj-lmcrcaptoimidazole  (Tapazolc);  s.c.  =  subcutaHeous(-ly);  and 
KRP  =  Krcbs-Ringcr-phosphatc,  pH  7.4. 

®  Medical  student  summer  research  fellow. 

^  XIH  predoctoral  trainee. 

®  TSH  was  generously  supidied  by  Dr.  .1.  D.  Fisher  of  ,\rmour  Pharmaceutical 
Company,  Kankakee,  111. 
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Fig.  1.  Time  curves  of  T/S  changes 
after  the  injection  of  a  single  dose  of  TSH. 

Rats  hypophys<*ctomized  20  days  ear¬ 
lier  and  fed  the  Rmnington  diet  for  the  last 
15  days.  Nine  tenths  u.  of  TSH  injected 
intravenously  in  0.5  ml.  of  0.9%  saline. 
R:  Rats  fed  Purina  and  injected  s.c.  with 
5  mK-  of  Ts  daily  for  25  days.  Five  u. 
of  TSH  given  s.c.  C'  and  I):  Untreated  rats 
on  Purina,  5  u.  of  TSH  injected  s.c.  Verti¬ 
cal  lines:  standard  errors,  .\djacent  num¬ 
bers  indicate  number  of  rats  in  group.  P 
values:  .V — 0  hour  vs.  others  groups  <0.01 ; 
H — 0  hour  vs.  4.  0  and  12  hours  <0.01; 
C' — 0  hour  vs.  4  hours  0.01-0.02;  1) — 0 
hour  vs.  4  hours  O.OS,  0  hour  vs.  8  hours 
0.0.3-0.05,  0  hour  vs.  12  and  20  hours 
<0.01. 


(Fig.  1  I))  lowering  of  the  T/S  was  most  signifieant  12  hours  after  TSH 
administration,  i.e.,  at  a  time  wlien  in  hypophyseetomized  or  T.i  treated 
animals  the  stimulatory  effect  was  already  clear-cut.  Further  experiments 
in  which  the  hiphasic  response  of  the  T  S  to  TSH  was  observed  will  he 
pre.sented  below. 

2.  Is  the  transient  depression  of  the  T  S  due  to  TSH  proper? 

Since  pure  TSH  is  not  available,  this  question  cannot  be  considered  fi¬ 
nally  .settled.  Hut  the  diphasic  respon.se  of  the  T  S  was  obtained  with  .sev¬ 
eral  TSH-containing  preparations,  ranging  from  lyophilized  anterior  pitui¬ 
tary  lobes  of  old  male  Long-Kvans  rats,  which  must  have  contained  many 
or  all  of  the  other  pars  distalis  hormones,  to  Bates’  highly  purified  beef 
TSH,  which  is  practically  devoid  of  hormonally  active  contaminants,  and 
his  mouse  pituitary  tumor  TSH,  which  is  prepared  from  starting  material 
containing  no  hormones  besides  TSH®  (Table  1).  This  rules  out  any  other 
pituitary  hormone  (although  not  non-hormonal  contaminants  of  TSH)  as 
the  agent  respon.sible  for  the  transient  depre.ssion  of  the  T,  S,  and  makes  it 
permissible  to  assume,  pending  the  emergence  of  evidence  to  the  contrary, 
that  we  are  dealing  with  an  effect  of  TSH  per  se. 

Because  even  with  the  administration  of  large  doses  of  TSH  the  drop  in 
the  T  S  was  seldom  much  greater  than  50%  (.see  also  experiments  to  be 
discu.s.sed),  we  did  not  con.sider  it  worthwhile  at  this  time  to  study  dose- 
effect  relationships  in  detail.  If  rat  pituitary  powder  contains  0.1  u.  of 
TSH  mg.  (4),  the  rats  in  group  IV  of  Table  1  received  less  than  0.2  u.  The 

‘  We  are  indebted  to  Dr.  R.  W.  Bates  of  the  NIH,  Bethesda,  Md.  for  samples  of  his 
TSH  preparations. 
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Tabi.e  1.  Early  and  late  effects  of  variocs  TSH-coxtaixixc.  prefaratioxs  (si  bccta- 
XEOI  S  IXJECTIOX)  ox  THE  T/S  OF  RATS  13  DAYS  (ExPTS.  I-IIl)  OR  28  DAYS 
(Expt.  iv)  after  hypophysectomy.  Hemixc.tox  diet  was  fed 
Dl  RIXO  THE  LAST  8  DAYS  (ExPT.  I-IIl)  OR  17  DAYS  (ExpT.  iv) 


Kxpt. 

Preparation 

l*ninj(‘cted 

controls 

4 

24 

P 

Dost*  rat 

4  hrs. 
vs.  eont. 

24  hrs. 

V.S.  eont. 

Hours 

after  TSH 

1 

Armour  TSH 
(O.t)r.  iiiB.) 

O.U  V. 

f 

! 

3.4±(t.5(8t 

'.•0.4  +  10.. 1(4) 

0.08 

<0.01 

II 

.Mouse  tumor  T.SII 

(^..l  f.  lUR.) 

().*»  i*. 

5.3±0.7(i:i) 

2.6±0.4  (6) 

127. It  ±2.1.1  (4) 

0.03 

<0.01 

III 

Purified  b<.cf  TSH 

(l.'I  f.  lUK.) 

(».*.»  r. 

1 

! 

2.!l±0.2  (8) 

67.0+10.8(4) 

0.03 

<0.01 

IV 

I.yopfiilized  rat  an¬ 
terior  lobe 

1 .69  iim. 

5.9±0.8(8) 

3.4±n.3(8) 

103. 4±  6.7(5) 

0.02 

<0.01 

All  T  S  values  iiic*an±S.K.  Number  of  rats  in  parentlu*ses.  Potencies  of  TSH  preparations  as  reported  by  the 
company  or  Dr.  Hates. 


minimum  effective  dose  must  then  lie  lower  than  tliis  amount  if  the  recip¬ 
ients  are  hypopliysectomized  rats  fed  a  low  iodine  diet.  The  possibility  that 
rat  TSH  may  be  more  effective  in  rats  than  TSH  from  other  species  must 
be  kept  in  mind.  The  potency  of  the  TSH  preparations  which  we  used  was 
determined  by  assays  in  chicks,  to  which,  of  course,  any  mammalian  TSH 
is  a  foreign  protein. 

3.  Ls  the  depression  of  (he  T  S  due  to  flooding  of  (he  th!jroid(d  iodide  pool  with 
st<d)le  iodide  or  inhibition  of  the  iodide  pump  hg  free  iodothyroninesf 

It  was  hypothesized  (1)  that  a  transitional  drop  in  the  T  S  may  be  due  to 
swamping  of  the  thyroidal  iodide  pool  with  stable  iodide  released  by  iodo- 
tyrosines  that  are  set  free  from  thyroglobulin  under  the  effect  of  TSH.  Con¬ 
sideration  was  also  given  to  the  alternative  idea  that  free  iodothyronines 
resulting  from  the  TSH-accelerated  hydrolysis  of  thyroglobulin  might  be 
responsible  for  the  decline  of  the  T  S  (1).  There  is  evidence  for  an  intra- 
thyroidal  inhibitor  of  thyroidal  iodide  collection,  and  several  observations 
suggest  that  this  inhibitor  is  a  compound  (or  a  group  of  compounds)  which 
contains  iodine  in  organic  form  (cf.  o).  Both  flooding  of  the  iodide  pool  with 
stable  iodide  and  inhibition  of  iodide  transport  by  free  iodothyronines 
could  be  dismissed  as  an  important  cause  of  the  T  S  depression  after  TSH 
if  this  effect  could  also  be  obtained  in  glands  purged  of  organic  iodine  by 
means  of  antithyroid  drugs. 

First  we  tried  animals  made  goitrous  (thyroid  weights  averaging  over 
.')()  mg.)  by  the  daily  s.c.  injection  of  20  mg.  of  PTU  for  22  days  (diet: 
Purina  chow).  F'our  hours  after  the  s.c.  injection  of  o  u.  of  TSH  the  T  S  of 
7  such  rats  was  lit). (>+4.7  (S.h^)  compared  with  123.4  +  13.1  in  S  controls 
not  given  TSH.  In  further  experiments  we  combined  depletion  of  thyroidal 
organic  iodine  stores  with  inhibition  of  TSH  output.  For  this  purpo.se  rats 
were  given  goitrogens  and  then,  while  the  antithyroid  regimen  was  con¬ 
tinued,  injected  with  T3  ((>).  In  the  first  experiment  (Fig.  2.\)  rats  fed 
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Purina  were  given  0.1%  MMI  and  1%  glucose  in  their  drinking  water  for 
19  days.  (Sampling  of  the  group  showed  that  this  caused  thyroid  enlarge¬ 
ment  to  .30  mg.  average  weight.)  Then  this  goitrogenic  regimen  was  com¬ 
bined  with  the  daily  s.c.  injection  of  5  ng.  of  Ts  during  the  following  15 
days.  At  the  end  of  this  period  5  u.  of  TSH  were  injected  s.c.  Thyroid 
weights  at  this  time  averaged  11  mg.  The  T,  S  of  these  rats  was  not  as  low 
as  that  of  rats  treated  with  thiouracil  followed  by  thiouracil  and  T3  (3). 
The  response  of  the  T  S  to  injected  TSH  was  quite  similar  to  that  seen  in 
hypophysectomized  rats  (1,  B^ig.  lA  of  this  paper).  In  the  other  2  experi¬ 
ments  (Pig.  2B  and  C)  rats  maintained  on  Purina  were  subjected  to  a  more 


Fig.  2.  Time  curves  of  T/S  changes 
after  a  single  s.e.  injection  of  5  u.  of  TSH. 
A:  Rats  fed  MMI  and  then  also  injected 
with  Tj.  B  and  C:  Rats  injected  with  PTU 
and  then  with  PTU  plus  T3.  See  text  for 
details  regarding  dosages  and  schedules. 
Vertical  lines:  standard  errors.  Adjacent 
numbers  indicate  number  of  rats  in  group. 
P  values:  A — 0  hour  vs.  4  hours  0.03-0.05, 
0  hour  vs.  6  hours  0.06-0.07,  0  hour  vs.  1 2 
hours  0.01-0.02,  2  hours  vs.  4  hours 
<0.01,  2  hours  vs.  6  hours  0.03,  2  hours 
vs.  12  hours  <0.01.  B — 0  hour  vs.  4  hours 
0.02,  0  hour  vs.  8  hours  <0.01.  C — 0  hour 
vs.  4  hours  0.01-0.02,  0  hour  vs.  8  and  12 
hours  <0.01,  0  hour  vs.  26  hours  0.10. 


potent  goitrogenic  regimen,  viz.,  the  s.c.  injection  of  20  mg.  of  PTU  in  .sus¬ 
pension  form  daily  for  19  days.  This  treatment  results  in  goiters  weighing, 
on  the  average,  around  50  mg.  Sub.sequently,  while  the  PTU  injections 
were  continued,  10  pg.  of  T3  daily  were  also  injected  s.c.  for  9  days.  Thyroid 
weights  at  necropsy  averaged  24  mg.  The  T/S  was  as  high  as  or  higher  than 
that  of  normal  rats  (compare  Fig.  2B  and  C  with  Fig.  1C  and  D),  and  its 
respon.se  to  5  u.  of  TSH  s.c.  was  different  from  that  shown  in  Fig.  2A  but 
similar  to  that  of  intact  animals:  the  initial  depression  reached  its  nadir 
slowly  and  the  ri.se  was  delated.  In  fact,  26  hours  after  the  injection  of 
TSH  (B4g.  2C)  the  T  S  was  not  yet  significantly  higher  than  the  initial 
value.  This  is  in  sharp  contrast  with  the  10-20-fold  increase  which  was  .seen 
in  hypophysectomized  rats  24  hours  after  the  administration  of  much 
smaller  doses  of  TSH  (Table  1).  The  reason  for  this  difference  remains  to 
be  elucidated.  Further  studies  will  also  have  to  be  conducted  to  determine 
whether  the  generalization  can  be  made  that  when  the  T/S  is  relatively 
high,  its  response  to  TSH  is  drawn  out. 


T/S 


Hours  after  TSH 
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Tfie  experiments  whose  results  are  summarized  in  Figure  2  clearly  show 
that  ample  stores  of  organic  iodine  in  the  thyroid  are  not  a  prerecpiisite  for 
the  transitory  depression  of  the  T/S  hy  TSII,  and  that  flooding  of  the  thy¬ 
roidal  iodide  pool  with  stable  iodide  derived  from  iodotyrosines  or  inhibi¬ 
tion  of  the  iodide  pump  by  free  iodothyronines  therefore  cannot  play  an 
essential  role  in  the  fall  of  the  T/S  which  follows  TSH  administration. 

4.  Kinetic  considerations  regarding  the  lowered  T,  S  after  TSH 

According  to  Wollman  and  Heed  (7)  the  T  S,  measured  when  isotopic 
ecpiilibrium  is  achieved,  equals  C  nix  Ktb,  where  C  lUx  stands  for  the 
unidirectional  clearance  of  radioiodide  per  mg.  thyroid,  and  Ktb  is  the  exit 
rate  constant  for  thyroidal  radioiodide.  A  low  T/S  not  representative  of 
the  stable  iodide  gradient  between  thyroid  and  serum  is  encountered  if  it  is 
determined  at  a  time  when  it  still  falls  grossly  short  of  its  equilibrium  value. 
We  therefore  considered  the  po.ssibility  that  e(iuilibration  of  radioiodide 
between  thyroid  and  blood  is  slowed  down  during  the  period  after  TSH 
administration  when  the  T,  S  is  depressed.  However,  this  depression  was 
as  pronounced  when  3^  hours  were  allowed  for  the  equilibration  of  radio¬ 
iodide  (Table  3)  as  when  the  T/S  was  measured  1-1^  hours  after  the  in¬ 
jection  of  I'®‘,  which  was  our  practice  in  other  experiments.^ 

According  to  Wollman  and  Heed’s  formula  for  the  equilibrium  T/S,  a 
drop  in  the  T/S  could  be  due  to  a  diminished  C,  nix,  and  increased  Kxb,  an 
enhancement  of  both,  with  that  of  the  Kxb  being  greater,  or  a  decrease  in 
both,  with  that  of  the  C/nix  being  more  marked.  The  C  nix  can  be  esti¬ 
mated  at  .short  times  after  injection,  when  the  amount  of  radioiodide 
that  is  returned  from  the  thyroid  to  the  blood  is  still  small  enough  to  be 
negligible  (7).  If  the  function  of  an  iodide  pump  with  low  activity  is  to  be 
thus  tested,  a  correction  must  be  made  for  the  amount  of  radioiodide  that 
has  entered  the  thyroid  by  diffusion — a  negligible  (juantity  in  conditions  of 
more  vigorous  thyroid  pump  activitj'  such  as  those  studied  by  Wollman 


■  Wollman  and  Rood  (7)  found  in  rats  with  wid(>h-  varying  thyroidal  iodide  i)uni|) 
function  that  9.5%  equilibration  of  radioiodide  between  thyroid  and  blood  was  achieved 
in  (U)  minutes  or  less  after  its  intraperitoneal  injection.  However,  they  <lid  not  examine 
rats  with  an  average  T/S  of  less  than  2.5,  and  did  not  trj'  s.e.  injections.  We  therefore 
investigated  groups  of  normal,  hypoiihyseetomized  and  T3  treated  rats  20,  40,  60,  90, 
120  and  240  minutes  after  s.e.  administration  of  We  found  that  the  T/S  at  40  min¬ 
utes  was  not  significantly  lower  than  at  240  minutes  (30.7  +  3.6  S.E.  vs.  30.1  ±2.3  in 
normal  rats  on  Purina,  .5.0  ±0.7  vs.  6.1  ±1.1  in  hypophj-.seetomized  rats  19  days  after 
the  oi)eration  which  were  also  f('d  Purina,  and  l.()±0.2  vs.  1.7  ±0.2  in  rats  injected  for 
22  days  with  .5  //g.  of  Tj  daily  and  fed  Purina  for  10  days,  followed  by  the  Remington 
diet  for  12  days  during  which  0.1%  MMI  was  also  given  in  the  drinking  water).  We 
don’t  know  of  any  condition  in  which  the  T/S  of  rats,  as  determined  by  the  routine 
method,  i.e.,  60-90  minutes  after  the  s.e.  injection  of  P*/  is  not  reasonably  elo.se  to  the 
(‘(piilibrium  T/'S,  which  could  oidy  be  attained  if  blood  h'vels  of  radioiodide  were  pre¬ 
vented  from  falling  (7). 
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and  Heed.  Tlie  appropriately  corrected  C  nir  may  not  l)e  reliable  in  abso¬ 
lute  terms  (the  assumption  is  made  in  its  calculation  that  injected  I‘®‘  in¬ 
stantaneously  enters  the  blood,  which  is  probably  not  true),  but  we  be¬ 
lieve  that  it  is  a  valid  index  of  the  magnitude  of  the  actual  C  nix  in  various 
conditions,  and  can  therefore  be  safely  used  when  groups  of  animals  are 
compared. 

The  cxiM'rinKMital  jjroci'dun'  was  the  following.  Two  groui)s  of  10  rats  each  received 
the  Remington  diet  for  22  days,  starting  o  days  after  hypophysi'ctomy.  The  rats  in  one 
group  were  injected  s.e.  with  5  u.  of  TSH,  those  in  the  other  served  as  controls.  .\11  rats 
were  giv(‘n  12  ing.  of  PTF  s.e.  45-SO  minute's  before  the  s.e.  injection  of  400  /ee.  of  1'^'. 
(The  P’*  was  injected  exaetl}’  4  hours  after  the  TSH  in  the  grouj)  treated  with  this  hor¬ 
mone.)  One  and  one-half  minutes  after  the  aelministration  of  1'^'  ether  anesthesia  was 
started;  I  J  minute's  late'r  bleeeeel  was  withelrawn  from  the  aeerta.  The  thyroiel  and  a  piece' 
e>f  submaxillary  glanel  were'  preemjetly  elissee'teel,  weighed  anel  counted.  The  jilasma 
eh'aranee  of  raelioioeliele  by  1  mg.  eef  the  submaxillary  glanel,  an  organ  which  in  the  rat 
lacks  an  ieeeliele  pumj)  and  has  an  ieeeliele  space  of  the  same  oreler  of  magnituele  as  that 
of  the  C104~-ble)e'ke'el  thyroid  (S),  was  subtraete'd  from  the  eh'aranee  by  1  mg.  of  thyreeiel 
tissue.  We  assumeel  that  TSH  hael  no  effe'et  on  eliffusieen  of  meliele  inte)  the  thyreeid,  since 
the  ieeelide  eliffusion  space  of  the  glanel  is  unaffe'cte'el  by  the  eh'gre'c  of  thyrotrophic  stimu- 
latieen  (H).  The  jelasma  raelioieeeliele  level  useel  in  the  calculation  eef  the  clearance'  was  one'- 
half  the  value  founel  3  minute's  after  the  inje'ction  eef  I'®'. 

The  active  unidirectional  radioiodide  clearance  of  the  thyroid  estimated 
by  the  procedure  described  was  0.2()  +0.04  (S.K.)  ^l\.  mg.  min.  in  the  con¬ 
trols  and  0.2o+0.0:i  jul.  mg.  min.  4  hours  after  TSH  injection.*  It  seems 
therefore  that  C  nix,  which  in  several  conditions  is  a  better  measure  of 
thyrotrophic  action  on  the  iodide  pump  than  is  the  T  S  (7),  is  not  lowered 
at  a  time  after  the  administration  of  TSH  when  the  T  S  is  depressed,  nor  is 
it,  however,  enhanced.  According  to  Wollman  and  Heed’s  formula  the  re¬ 
duction  in  the  T  S  should  then  be  due  to  an  increased  Kxb. 

In  vivo  estimation  of  the  Kxb  in  thyroids  with  low  iodide  concentrating 
ability  is  technically  difficult  and  unreliable,  and  was  therefore  not  at¬ 
tempted.  However,  we  did  investigate  the  in  vitro  loss  of  in  vivo  accumu¬ 
lated  radioiodide  from  the  thyroids  of  hypophy.sectomized  rats,  and  the 
effects  of  injected  TSH  thereupon.  Entire  thyroid  lobes  were  used  to  mini¬ 
mize  traumatization.  In  interpreting  the  findings  thus  obtained  one  must 
keep  in  mind  that  when  a  lobe  loses  radioiodide  to  the  surrounding  medium, 
the  rate  of  this  process  may  be  limited  by  factors  other  than  those  which 
determine  the  exit  rate  of  iodide  from  the  thyroid  cell  into  adjacent  capil¬ 
laries. 

Two  groups  of  6  rats  each  were  bypophyscotomizc'd  and  f('d  tho  Romington  diet  for 
24  <la\s,  starting  6  days  postoi)orativply.  4'hp  rats  of  one  grouj)  woro  injeetc'd  s.p.  with 
')  u.  of  TSH;  those  of  tho  other  group  served  as  controls.  .\11  rats  received  12  mg.  PTC 

*  rnidircctiona!  clearance  values  not  corrected  for  radioiodidi'  that  had  entered  tlu' 
thyroid  by  diffusion  also  failed  to  show  a  significant  difference:  they  were 0.41  +0.04, 
mg.  min.  for  the  controls  and  0.43+0.02  for  the  TSH  treatc'd  rats. 
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s.c.  45  minutes  before  tlie  s.e.  injection  of  150  fic.  of  Sixtj'  to  ninety  minutes  after 
the  injection  of  I'’‘  (but  exactly  4  hours  after  the  administration  of  TSH  in  the  group 
treated  with  this  substance)  the  rats  were  killed  with  ether,  their  thyroid  lobes  dissected 
out  separately,  and  each  thyroid  transferred  rapidly  to  a  flask  containing  1  ml.  of  KRP 
with  MMI.  The  thyroids  were  incubated  at  37°  C’  in  a  Dubnoff  shaker  (1 10  cycles 

])er  minute)  for  10  minutes.  Thej’  were  carefully  blotted  after  removal  from  the  medium 
and  digested  in  0. 5-1.1  ml.  of  25%  XaOH.  Suitable  aliquots  of  the  medium  and  the 
thyroid  digests  were  counted. 

The  results  of  the  experiment  are  shown  in  Table  2.  The  final  average 
T/M  was  so  high  as  to  suggest  that  re-entry  of  radioiodide  from  the  me¬ 
dium  into  the  thyroid  was  still  negligible  compared  with  the  exit,  i.e.,  that 


T.abi.e  2.  In  vitro  rei.e.\se  or  in  vivo  .\eerMri..\TEi)  radioiodide  from  the 

THYROIDS  OF  HYI’oeil YSECTOMIZED  TSH-TREATED  OR  I'.NTREATED  RATS 


(iroup 

No.  rat.  Initial  counts 

|)(*r  thyroid 

%  activity 
leased  in  10 

r(»- 

miii. 

Final  avg. 
T/.M 

11  vpcx. 

TSH 

()  .5 ,  (i35  + 

33(»* 

()1  .5+3. 

,  7 

().() 

llypox. 

no  TSII 

(>  13,722  ±3 

,280t 

48.0  ±4. 

3t 

11.0 

*  Mean  ± S.E. 
t  P<0.05. 


e(iuilibrium  between  thyroid  and  medium  was  not  yet  approached  (cf. 
Tables  2  and  4).  The  greater  initial  activity  of  the  thyroids  from  untreated 
rats  was  probably  the  reflection  of  the  expected  higher  T  S  in  these  ani¬ 
mals.  The  percentage  loss  of  radioiodide  from  the  thyroids  of  the  TSH 
treated  rats  was  greater  than  the  loss  from  control  glands.  This  may  indi¬ 
cate  that  the  former  indeed  had  a  higher  Ktb  in  vivo,  as  postulated  from 
the  measurement  of  the  T  S  and  the  estimation  of  the  C  iiit-  Wollman  and 
Heed  (7)  contemplated  whether  “the  decrease  of  the  T/S  to  half  its  initial 
value  4  hours  after  TSH  injection  in  hypophysectomized  rats  is  due  to  a 
rapid  rise  in  the  [iodide]  exit  rate  constant  from  its  value  in  hypophysecto¬ 
mized  rats  to  the  value  ob.served  for  normal  rats.”  Our  results  are  compat¬ 
ible  with  this  idea. 

Because  of  the  use  of  iti  vivo  and  in  vitro  techniques  in  our  kinetic  studies, 
and  since  their  interpretation  involves  a  number  of  assumptions,  any  con¬ 
clusion  drawn  from  them  mu.st  be  considered  tentative.  We  have  not  at¬ 
tempted  to  analyze  the  kinetics  of  the  depressed  T/S  in  normal  rats  given 
TSH,  which  may  not  be  the  same  as  in  hypophysectomized  rats. 

If  iodide  leaves  the  thyroid  cell  by  diffusion  (and  there  is  no  reason  to  be¬ 
lieve  that  it  does  not),  the  increase  in  the  exit  rate  of  thyroidal  iodide  which 
occurs  at  lea.st  in  vitro  after  the  injection  of  TSH  may  indicate  an  enhanced 
permeability  of  thyroid  cell  membranes.  Hormonal  influences  on  cell  per¬ 
meability  have  received  considerable  attention  (9).  It  would  be  reckless  to 
suggest  without  good  supporting  evidence  that  the  primary  thyroidal  ef¬ 
fect  of  TSH  is  on  cell  permeability.  However,  if  TSH  leads  to  enhanced 
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permeability  of  the  thyroid  cell  not  only  to  iodide  which  leaves  it  but  also 
to  substances  which  enter  it  by  diffusion,  this  quite  probably  facilitates  the 
thyroid  anabolic  functions  of  TSH  even  though  it  may  not  initiate  them. 

o.  Comparison  of  the  early  effect  of  TSH  in  blocked  and  non-hlocked  thyroids 

If  an  early  action  of  TSH  on  thyroidal  iodide  collection  is  to  promote  dis¬ 
charge  of  iodide,  such  an  effect  should  be  at  least  partly  obscured  by  bind¬ 
ing  of  iodide,  since  this  reduces  the  exit  of  iodide  as  such  from  the  thyroid, 
even  if  it  is  now  believed  not  to  abolish  it  entirely  (10),  In  this  section  we 
report  an  experiment,  the  results  of  which  are  consistent  with  the  above 


Table  3.  Comparison'  of  the  effect  of  TSH  on  the  T/S  of  blocked  thyroids 

AND  THE  I*’!  UPTAKE  OF  NON-BLOCKED  GLANDS  (H YPOPHYSECTOMIZED 
RATS  14-15  DAYS  AFTER  THE  OPERATION,  PURINA  DIET) 


A.  Binding  liloeked 

B.  Binding  not  blocked 

Treatment 

No.  rats  T/S 

Thyroid/ 

No.  rats  serum  I*’* 

eonc. 

%  dose 
in  100  mg. 
thyroid 

No  TSH 

TSH 

10  5. 0+0. 4* 

10  2.1±0.1t 

10  7.5 +0.7 

0  14.7  ±2. Of 

0.61  +0.08 
1.47+0.281 

*  Mean  ±S.E. 


t  P<0.01. 
t  B=0.02. 

Schedules; 

.4 

B 

0  min. 

20  mg.  PTUl 

5  u.  TSH  l^all  s.c. 

0  min. 

5  u.  TSH  ^ 

15  min. 

15  min. 

J131  r 

45  min. 

im  j 

240  min. 

rats  killed 

255  min. 

rats  killed 

premise.  We  compared  the  effect  of  TSH  on  the  T/S  of  hypophysectomized 
rats  with  its  influence  on  I'®‘  uptake  by  the  thyroids  of  similar  rats  in  which 
organic  binding  of  iodide  was  permitted  to  proceed.  Results  and  experi¬ 
mental  details  are  presented  in  Table  3,  It  is  evident  that  the  T/S  showed 
the  decline  which  was  consistently  observed  in  hypoph3’sectomized  rats  4 
hours  after  the  injection  of  TSH,  but  that  uptake  of  b\’  the  non-blocked 
thyroid  during  the  3f  hour  period  which  started  15  minutes  after  the  ad¬ 
ministration  of  TSH  was  significanth'  augmented.  Anj'  concomitant  in¬ 
crease  in  the  rate  of  loss  of  radioiodide  from  the  thyroid  that  ma\’  have 
occurred  was  ov^ershadowed. 

It  appears  that  organic  binding  of  iodine  In'  the  rat  thyroid  is  stimulated 
!)>'  TSH  at  a  time  when  iodide  clearance  in  the  absence  of  binding  is  not  jet 
affected  (see  previous  section)  and  the  T  S  is  lowered.  This  is  in  agree¬ 
ment  with  the  idea  that  thyroidal  iodide  concentrating  is  not  the  rate  limit¬ 
ing  step  in  thyroid  hormone  biogenesis  (10,  11),  unless  it  is  severely  im¬ 
paired  In'  SCX“  or  C104“.  It  is  possible  that  stimulation  of  tlnroidal 
organification  of  iodide.  In'  depleting  the  intrathyroidal  iodide  pool  (which 
has  been  shown  to  exist  in  non-blocked  glands  (11)),  secondarih'  promotes 
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iodide  transport  into  the  gland  even  during  the  early  period  after  TSH 
administration  when  enhancing  effects  of  TSH  on  the  iodide  pump  “chemi¬ 
cally  dissected”  with  PTU  are  not  yet  evident.  Our  results  fail  to  throw 
any  light  on  this  point. 

6.  Attempts  to  increase  the  T/S  with  TSH  in  vitro 

Our  observations  regarding  the  considerable  latency  with  which  TSH 
raises  the  T/S  of  rats  in  vivo  are  in  contrast  with  those  of  Bakke  and  Law¬ 
rence  (12)  who  were  able  to  increase  the  iodide  uptake  of  PTU-blocked 
beef  thyroid  slices  by  incubating  them  with  TSH  in  vitro  for  only  2  or  4 
hours.  We  tried  to  achieve  results  similar  to  those  of  Bakke  and  Lawrence 
by  exposing  rat  thyroids  in  vitro  to  TSH. 

The  donors  were  4  groups  of  rats:  a)  32  Spraguc-Dawley  rats  80-S2  days  after 
hyiiophysoetoniy;  h)  16  old  normal  Long-Evans  rats;  e)  6  Spraguo-Dawlej'  rats  injected 

Table  4.  Effect  of  TSH  ix  the  meuicm  ox  in  vitro  uptake  of 

RADIOIODIDE  BY  RAT  THYROID  TISSUE 


Donor  rats  No  TSH  TSH  P 


Strain 

No. 

Condition  or 
treatment 

No. 

fla.sk.s 

T/M 

No. 

flasks 

T/M 

Sprague- 1  )awley 

32 

Hvpex 

4 

1 .5+0.2* 

4 

1  .3  ±0.1 

IL.S.t 

I.ong-Evan.s 

16 

Normal. 

4 

4. 2+0. 3 

4 

2.7 +0.3 

0.02 

Sprague- Dawlev 

6 

PTU 

5 

10.3  ±0.6 

(•) 

9. 3 +  1.0 

n.s. 

Sprague- Da  wley 

12 

PTU,  PTU  -I-T3 

6 

3.3  ±0.3 

() 

4.0 +0.7 

n.s. 

*  Mean±S.E. 
t  Not  significant. 


s.e.  with  20  mg.  of  PTU  in  suspension  form  daily  for  13-17  days,  and  d)  12  rats  treated 
the  same  way  with  PTU  for  27  days  and  injected  s.e.  with  10  pg.  of  T3  daily  for  the  last 
8  days  of  this  jieriod.  All  rats  were  fed  Purina.  They  were  killed  with  ether,  and  the 
rapidly  removed  thyroids  cut  into  pieces  weighing  about  2-3  mg.  which  were  pooled  in 
ice-cold  KRP  and  then  transferred  to  flasks  containing  4  ml.  of  KRP  with  lO'"'*  M  MM  I, 
0.5  or  1  nc.  of  I'**,  and  either  20  mu.  of  TSH/ml.  or  no  TSH.  The  flasks  were  kept  for  2 
liours  at  37®  C  in  a  Dubnoff  shaker  (110  cycles  per  minute).  .Vt  the  end  of  this  period  the 
thyroid  tissue  was  removed  from  each  flask,  blotted  and  weighed.  The  weight  of  tissue 
per  flask  averaged  around  20  mg.  Both  thyroid  tissue  and  aliquots  of  the  medium  were 
counted,  and  the  T/M  was  recorded  (Table  4). 

The  T/M  values  for  the  various  experimental  groups  reflected  differ¬ 
ences  which  must  have  existed  in  thyroidal  iodide  pump  activity  among  the 
donor  rats,  but  were  considerably  lower  than  the  T/S  of  comparable  rats 
was  found  to  be  in  this  study  and  others.  In  none  of  the  experiments  did 
TSH  in  the  medium  elevate  the  T  M.  In  the  case  of  thyroids  from  normal 
rats  it  actually  appeared  to  depress  it.  It  may  be  that  stable  iodide  re- 
lea.sed  from  the  thyroid  ti.ssue  into  the  medium  was  in  part  responsible  for 
this.  The  thyroids  of  goitrogen  treated  animals,  however,  must  have  been 
severely  depleted  of  organic  iodine.  In  the  experiments  in  which  such  glands 
were  u.sed,  loading  of  the  medium  with  iodide  derived  from  thyroglobulin 
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could  not  have  masked  a  stimulating  effect  of  TSH  on  the  iodide  pump  hi 
vitro.  It  is  possible  that  the  thyroids  from  rats  treated  with  PTU  only  were 
not  responsive  to  TSH  because  they  were  already  maximally  stimulated, 
but  this  could  not  have  been  the  case  when  the  donors  were  rats  whose 
thyroids  were  depressed  with  T3  during  the  later  period  of  their  treatment 
with  PTU.  Our  results  agree  with  the  in  vivo  observations  in  rats  which 
failed  to  demonstrate  any  enhancement  of  thyroidal  iodide  pump  activity 
for  several  hours  after  TSH  injection..  The  difference  between  our  findings 
and  those  of  Bakke  and  Lawrence  (12)  may  be  simply  due  to  technical 
reasons.  On  the  other  hand,  it  may  be  significant  that  they  applied  beef 
TSH  to  beef  thyroid  tissue  whereas  we  exposed  rat  thyroids  to  bovine 
TSH.  Perhaps  this  is  an  important  difference  in  vitro  even  though  the  pat¬ 
tern  of  the  T  S  response  is  much  the  same  in  vivo  whether  beef  or  rat  TSH 
is  given  to  hypophysectomized  rats  (Table  1). 

7.  Discussion  of  the  latency  of  the  TSH  effect  on  various  aspects  of  thyroid 
function 

According  to  the  data  in  this  study  an  elevation  of  the  T  S  did  not  occur 
in  rats  for  at  least  8  hours  after  the  injection  of  TSH.  This  agrees  with  ob¬ 
servations  made  in  man  (18).  An  increase  in  the  exit  rate  of  thyroidal  iodide 
appeared  to  have  been  responsible  for  the  drop  of  the  T  S  which  was  seen 
before  the  T  S  rose  in  response  to  TSH.  Unidirectional  clearance  of  iodide 
by  the  thyroid  may  have  risen  before  the  T  S  did,  but  4  hours  after  the 
injection  of  TSH  into  hypophysectomized  rats  an  augmentation  of  uni¬ 
directional  clearance  was  not  yet  demonstrable.  On  the  other  hand,  binding 
of  I'®‘  was  already  accelerated  at  this  time.  Taurog  et  al.  (14)  have  shown  a 
significant  shift  in  the  proportion  of  P®'-labelled  thyroidal  compounds  (de¬ 
creased  monoiodotyrosine  diiodotyrosine  ratio,  increased  percentage  of 
thyroxine)  7  hours  after  the  administration  of  TSH  to  hypophysectomized 
rats.  Uven  shorter  periods  of  latency  have  been  reported  for  other  thyroidal 
effects  of  TSH.  For  example,  enhanced  release  of  I'*'  from  the  thyroid  was 
demonstrable  by  external  counting  between  2-8  hours  following  the  injec¬ 
tion  of  TSH  into  rats  (lo).  In  dogs  whose  thyroid  vein  was  cannulated, 
increased  discharge  of  thyroidal  I'®‘  in  response  to  TSH  had  a  latency  of  as 
little  as  1.5-20  minutes  (10).  Various  facets  of  the  carbohydrate  and  lipid 
metabolism  of  thyroid  slices  were  clearly  stimulated  in  vitro  by  TSH  within 
an  hour  of  incubation,  and  extrapolation  from  later  observations  suggested 
that  the  actions  of  TSH  must  have  been  virtually  devoid  of  a  latent  period 
(17).  In  guinea  pigs,  TSH  was  reported  to  increase  the  number  of  colloid 
droplets  in  the  thyroid  cell  within  1.5  minutes  after  its  injection  (IS);  in  2 
hours  it  caused  growth  of  thyroid  cells  and  their  nuclei  (19). 

It  is  clear  that  the  periods  of  latency  for  different  effects  of  TSH  on  the 
thyroid  are  remarkably  dissimilar.  This  may  indicate  that  I'SH  has  several 
points  of  attack  in  the  thyroid.  However,  a  single  thyroidal  locus  for  the 
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action  of  7\SII  is  perhaps  a  more  pleasing  concept  (20,  14).  It  may  he  that 
TSH  triggers  a  series  of  chemical  reactions,  and  the  compounds  produced 
at  different  times  in  the  course  of  these  events  mediate  the  influence  of 
TSH  on  individual  thyroid  responses  with  widely  different  latent  periods. 
It  is  also  conceivable  that  some  effects  of  TSH  consist  of  (direct  or  indirect) 
activation  of  enzymes  already  present  in  the  thyroid,  whereas  others  (such 
as  the  effect  on  iodide  transport  into  the  thyroid)  have  a  considerable 
latency  because  they  involve  the  formation  of  new  enzyme  (or  specific 
carrier)  molecules. 
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ABSTRACT 

A  hyperi)arathyroi(l  condition  was  induced  in  rats  bj’  feeding  a  calcium-defi¬ 
cient,  vitamin  l)-free  diet.  Serum  calcium  levels  were  maintained  in  the  8  to 
1 1  mg.%  range  during  the  twenty-day  trial.  Parathyroid  hormone-like  aetivity 
was  a.ssayed  by  the  rise  in  serum  calcium  of  th3’roparathyroidectomized  rats  fol¬ 
lowing  the  injection  of  sera  from  the  hyperparathyroid  rats.  Parathj-roid  hor¬ 
mone-like  activity  was  not  assaj-able  until  the  eighth  daj’  of  the  experiment, 
although  .serum  ealcium  levels  and  histological  sections  of  the  parathyroid 
glands  and  bone  indicated  that  increased  activitj’  of  the  parath\’roid  glands 
had  occurred  bv  the  sixth  day  of  the  dietary-  regime. 

A  comparison  of  the  serum  calcium  rise  in  the  assay-  animals  induced  by-  the 
injection  of  standard  parathj  roid  hormone,  with  that  induced  by-  the  injection 
of  serum,  alloyved  an  estimation  of  20  to  64  units  of  parathyroid  hormone 
equivalence  per  cc.  of  serum  from  calcium-deficient  rats.  graded  parathy  roid 
hormone-like  response  was  obtained  by-  y-arj  ing  the  amount  of  serum  assa.ved. 
Parathj-roid  hormone-like  activity-  yvas  not  assaj-able  in  1  cc.  of  sera  from  nor¬ 
mal  rats. 

A  GREATER  portion  of  the  recent  work  on  the  parathyroid  glands  has 
been  devoted  to  assaying  glandular  extracts  (1,  2,  3,  4),  to  determin¬ 
ing  the  mode  of  action  of  parathyroid  hormone  (5,  6,  7),  and  to  ascertain¬ 
ing  the  chemical  nature  of  paratlnroid  hormone  (4,  8,  9,  10).  There  are 
only  a  feyv  reports  in  the  literature  of  attempts  to  detect  parathyroid  hor¬ 
mone  in  the  blood  of  animals  (11,  12),  and  these  were  of  a  qualitative  na¬ 
ture. 

The  purpo.se  of  the  present  study  yvas  to  biologically  assay  the  sera  of 
hyperparathyroid  rats  for  parathy  roid  hormone-like  activity,  in  animals 
.sensitiy-e  to  parathyroid  hormone  action,  and  to  quantitate  the  serum  ac¬ 
tivity  in  terms  of  a  standard  parathyroid  hormone  preparation. 

MATERIALS  AND  METHODS 

Induced,  or  secondary-,  hj-perparathy  roidism  can  result  in  rats  from  a  loyv  calcium 
diet,  (luring  pregnancy-  and  lactation.  A  calcium-restricted  diet  in  normal  animals  is  a 

Received  November  5,  1959. 

'  This  paper  is  part  of  a  thesis  submitted  bj-  the  senior  author  in  partial  fulfillment 
of  the  requirements  for  the  degree  of  Master  of  Science  in  Physiology.  Present  address; 
Caylor-Nickel  Clinic,  Bluffton,  Indiana. 

*  Endocrine  Research  Unit,  Department  of  .\nimal  Husbandry-  and  Department  of 
Physiology. 
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practical  means  of  inducing  parathyroid  hyperfunction  for  experimental  purposes  (13). 
The  calcium-deficient,  vitamin  D-free  diet  of  Crawford  el  al.  (14),  with  slight  modifica¬ 
tion,  was  fed  ad  lib.  to  the  test  rats.  The  diet  was  modified  by  the  substitution  of  calcium 
pantothenate  for  sodium  pantothenate  and  the  achlition  of  wool  flock,  the  wool  flock  i)re- 
venting  the  marked  diarrhea  noticed  in  rats  fed  the  Crawford  Diet  in  preliminary 
studies.  The  modified  C'rawford  Diet,  referred  to  as  the  C-D  diet  in  this  i)aper,  con¬ 
tained  0.001%  calcium  and  2.4%  phosphorus,  in  contrast  to  a  normal  rat  diet  of  0.8% 
calcium  and  0.4%  phosphorus. 

The  cages,  watering  tubes,  and  feed  jars  were  scrubbed  with  a  dilute  solution  of 
hydrochloric  acid  in  order  to  insure  that  rats  on  the  C-D  diet  did  not  have  access  to 
calcium  deposition  on  the  equipment.  Distilled  drinking  water  containing  less  than  2 
pi)m  of  calcium  was  supplied  to  the  rats  on  the  C-D  diet. 

The  control  and  thyroparathyroidectomized  assay  rats  were  maintained  on  the  nutri¬ 
tionally  adequate  diet  developed  by  I’llrey  and  Miller  of  the  .\nimal  Husbandry  De¬ 
partment,  Michigan  State  University,  and  were  supplied  with  tap  drinking  water.  In 
all  other  respects  the  rats  were  treated  in  the  same  manner  as  the  C-D  dietary  rats. 

Ten  control  male  and  female  Long-Evans  Hooded  rats  were  maintained  for  de- 
ti'rmination  of  normal  serum  calcium,  phosphorus  and  protein  determination.  Twenty  fe¬ 
male  and  10  male  Long-Evans  Hooded  rats  weighing  150  to  200  gm.  and  200  to  250 
gm.,  respectivelj’,  were  placed  on  the  C-D  diet.  In  the  initial  trial,  blood  samples  were 
obtained  immediatelj"  prior  to  autopsy  from  each  of  2  female  rats  that  were  on  the  C-D 
diet  for  10,  15,  20,  25,  and  29  days.  In  the  second  trial,  blood  samples  were  obtained  the 
day  i)revious  to,  and  immediately  prior  to,  autop.sy  from  1  male  and  1  female  rat  that 
that  had  been  on  the  C-D  diet  for  2,  4,  6,  8,  10,  12,  14,  16,  18,  and  20  daj’S.  The  data  from 
the  two  trials  are  considered  toigether. 

In  order  to  correlate  the  serum  j)arath}'roitl  hormone-like  activity  with  the  amount 
of  parath}roid  gland  hj  pertrophj'  and  with  the  activity  of  the  circulating  parathj-roid 
hormone,  blood  samples  were  collected  immediately  prior  to  autopsy,  and  the  para¬ 
thyroid  glands  and  tibias  were  removed  at  autopsy  for  histological  analysis.  Kidney  sec¬ 
tions  were  prepared  from  rats  at  representative  stages  of  the  dietary  regime.  Parathyroid 
and  kidney  glands  were  fixed  in  10%  neutral  formalin  and  processed  through  a  butyl 
alcohol  series,  embedded  in  paraffin,  sectioned  and  stained  with  hemotoxylin  and  erosin. 
('alcium  deposition  in  kidney  sections  was  verified  by  Van  Koss’s  technique.  Tibias 
were  decalcified  with  “Decal”  prior  to  sectioning. 

The  assay  animals  were  55  male  Sprague-Dawley  rats  weighing  115  to  130  gm.  Thej- 
were  thyroparathj’roidectomized  3  to  4  days  prior  to  the  serum  assays.  There  was  no 
attempt  made  after  surgical  thyroparathyroidectomy  to  determine  whether  accessory 
parathyroid  glands  were  present.  Postoperative  rats  with  serum  calcium  levels  bedow 
8.0  mg.%  were  considered  i)arathyroidectomized  and  suitable  for  assay.  Standard  jjara- 
thyroid  hormone  preparations  and  blood  sera  were  administered  subcutaneously  over 
the  lumbar  region  in  0.5  cc.  volumes.  A  blood  sample  was  drawn  from  the  assay  animal 
before  injection  of  the  material  to  be  assayed  and  again  18  hours  later  (10). 

Blood  samples  were  collected  from  the  orbital  sinuses  of  the  rats  by  the  method  of 
Stone  (15)  with  heparinized  capillary  tubes.  The  serum  was  separated  as  soon  as  clotting 
occurred  and  frozen  until  assayed.  Serum  calcium  levels  were  determined  on  0.1  cc.  of 
serum  by  colorimetric  titration  with  E.D.T..\.®  using  ammonium  purpurate  as  an  indi¬ 
cator  (16).  The  serum  inorganic  phosphorus  levels  were  determined  by  a  modification  of 
the  molydivanadate  method  of  Simonsen  el  al.  (17)  on  0.1  cc.  of  serum.  Wechelsbaum’s 
modification  of  Kingsley’s  biuret  method  (18)  was  employed  to  determine  the  total  pro¬ 
tein  content  of  the  serum  to  be  assayed. 

’  Disodium  ethylenediaminetetraacetate,  a  chelating  agent  sold  under  the  trade 
name  of  “Versene”  by  Versenses  Incorporated,  Framingham,  Massachusetts. 
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RESULTS 

In  order  to  quantitate  the  serum  parathyroid  hormone-like  activity  and 
to  express  activity  in  terms  of  parathyroid  hormone  equivalence,  standard 
parathyroid  hormone  preparations^  were  assayed  in  lo  thyroparathyroid- 
ectomized  rats,  three  rats  at  each  dose  level  of  10,  15,  20,  40,  and  SO  U.S.P. 
units.  The  results  are  tabulated  in  Table  1.  Standard  statistical  analysis  of 
these  data  demonstrates  the  slope  of  the  dose-response  curve  to  be  Y 
=  —3.04  +3.75X,  where  Y  is  the  mg.%  rise  in  serum  calcium  in  the  assay 
rat  and  X  is  the  logarithm  of  the  standard  dose  injected.  It  is  noted  that  a 


Table  1.  Seri  m  calcii  m  rise  in  assay  animals*  after  injection 

OK  STANDARD  I'ARATHYROID  HORMONE 


Weight,  gm. 

Dose,  U.S.P. 
units 

Base  Ca,t 
mg.% 

Rise  in  C\i,{ 
ing.% 

.\v.  Ca  ris«‘, 
11115.% 

101 

10 

7.8 

0.2 

111 

10 

0.8 

0.2 

0.13 

117 

10 

7.0 

0 

100 

15 

7.0 

0..=) 

107 

l.T 

i\ .  5 

0 .5 

0..i0 

130 

15 

0.3 

0.7 

00 

•20 

8.0 

0.8 

117 

20 

7.4 

1  .(•> 

1  . 10 

ri.i 

•20 

7.8 

1  . 1 

110 

40 

0.0 

3.0 

118 

40 

0.8 

2.0 

2.53 

124 

40 

7 . 7 

2.0 

1  10 

80 

0.0 

4.0 

1  1 1 

80 

7.3 

3.-5 

3.00 

117 

SO 

7 .5 

3.3 

*  Thyropiirathyroidectomized  rats. 

t  I)»‘t(*rmincd  3  hours  prior  to  iiarathyroid  hormone  injections  into  assay  animal, 
t  Determined  18  hours  after  injection  of  parathyroid  hormone  into  assay  animal. 


definite  amount  of  parathyroid  hormone  is  necessary  (approximately  9.4 
units,  calculated  from  the  dose-re.spon.se  curve)  to  maintain  the  pre-injec¬ 
tion  serum  calcium  level  in  thyroparathyroidectomized  assay  rats.  There¬ 
fore  the  maintenance  of,  or  even  a  slight  decrease  in,  the  serum  calcium 
level  of  the  assay  rat  18  hours  from  the  serum  injection  is  indicative  of  a 
positive  parathyroid  hormone  respon.se. 

One  cc.  .serum  samples  from  the  control  rats,  containing  9.8  mg.%  cal¬ 
cium,  were  injected  into  assay  rats  in  order  to  te.st  the  po.s.sibilitj’  that  the 
calcium  content  of  the  serum  assayed  might  be  sufficient  to  cause  a  ri.se  in 

*  The  parathyroid  hormone  preparation  used  in  this  study  was  “Injection  Parathy¬ 
roid,  generously  supplied  by  the  Eli  Lilly  Company,  Indianapolis,  Indiana,  and 

contained  100  C.S.P.  units  per  cc. 

Published  with  the  approval  of  the  Michigan  .\gricultural  Experiment  Station  as 
.Journal  Article  Xo.  2.53S. 
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the  serum  calcium  of  the  assay  animal.  The  serum  calcium  levels  of  the 
assay  rats  continued  to  decrease  during  the  18-hour  interval  between  serum 
calcium  determinations,  indicating  that  the  calcium  content  of  the  serum 
from  the  C-D  dietary  rats  would  not  appreciably  influence  the  assay. 

Parathyroid  hormone-like  activity  did  not  exceed  10  units  in  the  O.o  cc. 
serum  samples  assayed  until  the  test  rats  had  been  on  the  C-I)  diet  for  8 
days.  The  amounts  of  parathyroid  hormone-like  activity  varied  from  20.4 
:o  04.0  units  per  cc.  of  serum  from  rats  on  the  C-I)  diet  for  8  to  29  days.  Al¬ 
though  the  highest  assayable  .serum  activity  was  from  rats  on  the  C-1)  diet 
29  days,  there  was  no  clear  relationship  between  the  length  of  time  on  the 


Table  2.  Servm  calcii  m  rise  in  assay  animals  after  inmection  of 

r.RADEI)  DOSES  OF  SERI  M  FROM  THE  TEST  ANIMALS 


Days  test 
animals  on 

(’-1)  (Hot 

l)os(>  of  scrum, 
cc. 

Base  (’a,* 
111)?.% 

change,! 

mg.% 

Parat  hyroid  hormone 
ccpiiv.,  r.s.p. 
unitst 

(> 

0.25 

7.8 

-0.7 

0 

() 

()..50 

7 .5 

-0.5 

0 

() 

1  .00 

7 .5 

-0.2 

0 

8 

0.00 

7.0 

0.7 

14 

8 

0.1)0 

7.0 

1  .0 

17 

)(> 

0.25 

7.8 

0.2 

1 1 

U) 

0..50 

0.0 

0.8 

15 

10 

1  .00 

7.0 

1  .,5 

24 

211 

0.25 

0 . 0 

0.1) 

10 

2!) 

0..50 

7.5 

1  .7 

27 

21) 

1  .00 

7.8 

2 .5 

48 

*  Dt'terinincd  on  thyropariithyroidectomizcd  ruts  3  hours  prior  to  inji'ction  of  tost  soruin 
t  18  hours  following  injection  of  test  sera  into  assay  rat. 
t  In  sera  of  test  animal. 


('-!)  diet,  that  is,  the  extent  of  calcium  stre.ss,  and  the  amounts  of  circu¬ 
lating  parathyroid  hormone-like  activity. 

The  .sera  from  four  rats  on  the  C-I)  diet  were  assayed  by  injecting  graded 
do.sies  of  each  serum  .sample  into  the  assay  rats  (Table  2).  A  graded  response 
was  obtained  in  the  assay  rats  to  graded  doses  of  .sera  from  rats  with  in¬ 
duced  liyperparatlnToidi.sm.  If  the  serum  calcium  ri.se  produced  in  the 
assay  animals,  after  the  injection  of  graded  do.ses  of  sera  from  the  C-I) 
dietary  rats,  is  plotted  against  the  logarithm  of  the  dose  of  .serum  in  cc.,  a 
straight  line  do.se-respon.se  curve  is  obtained.  The  slope  of  the  curve,  how- 
('ver,  is  different  from  that  obtained  by  a.s.saying  .standard  parathyroid  hor¬ 
mone  preparation. 

The  .serum  calcium  levels  of  the  control  rats  averaged  9.8  mg.%;  serum 
inorganic  phosphorus  av'eraged  5.2  mg.%;  and  the  total  .serum  proteins 
■iveraged  0.2  mg.%.  Serum  calcium  levels  were  determined  daily  on  the 
I'-l)  dietary  rats  the  first  10  days  of  the  experiment,  and  at  approximately 
‘  wo-day  intervals  to  the  29th  day.  The  C-1)  dietary  rats  maintained  serum 
alcium  lev’els  in  the  9  to  1 1  mg.%  range,  with  the  exception  of  the  5th  day 
f  the  diet,  when  the  level  declined  to  8.3  mg.%  and  between  tlie  12th  and 
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loth  day  of  tlie  diet,  when  the  level  declined  to  between  8.0  and  8.4  nig.% 
for  a  4-day  period  before  returning  within  the  normal  range.  Serum  in¬ 
organic  phosphorus  levels  were  determined  approximately  every  other  day 
throughout  the  experiment.  Serum  inorganic  phosphorus  increased  from 
the  second  day  of  the  C-D  diet  (5.2  mg.%)  and  continued  rising,  except  for 
a  mild  regression  between  the  15th  and  18th  days  of  the  experiment.  The 
abrupt  rise  in  serum  inorganic  phosphorus  between  the  12th  and  15th  days, 
from  5.7  to  7.7  mg.%,  coincided  with  the  transient  drop  in  the  serum  cal¬ 
cium.  The  total  serum  protein  level  remained  constant  at  approximately 
0.1  gm.%  throughout  the  experiment. 

Histological  sections  of  the  parathyroid  glands  and  tibias  of  rats  on  the 
C-I)  diet  demonstrated  that  parathyroid  hypertrophy  and  discernible  dis¬ 
solution  of  the  bony  trabeculae  were  present  by  the  0th  day  of  the  experi¬ 
ment,  two  days  previous  to  the  biological  assay  of  parathyroid  hormone¬ 
like  activity  in  the  sera.  The  parathyroid  hypertrophy  and  the  extensive 
bone  dissolution,  evident  by  the  10th  and  15th  days  of  the  experiment,  are 
shown  in  Figure  1. 

Under  the  experimental  conditions  of  the  present  study,  calcium  phos¬ 
phate  was  precipitated  in  the  kidney  by  the  second  day  of  the  C-D  diet 
(Fig.  1).  The  calcium  deposition  was  progressive  throughout  the  experi¬ 
ment  resulting  in  considerable  kidney  damage  by  the  29th  day  of  the  ex¬ 
periment. 


DISCUSSION 

Parathyroid  hormone-like  activity  was  not  assayable  in  the  sera  of  rats 
fed  the  calcium  -deficient,  vitamin  D-free  diet  until  the  eighth  day  of  the 
experiment,  although  hypertrophy  of  the  parathyroid  glands  was  evident 
by  the  sixth  day  of  the  experiment. 

Tetany  was  not  observed  in  the  rats  maintained  for  29  days  on  the  cal¬ 
cium  deficient,  vitamin  D-free  diet.  The  maintenance  of  normal  blood  cal¬ 
cium  levels  was  at  the  expense  of  bone  salts,  bone  dissolution  being  evident 
by  the  sixth  day  of  the  experiment  and  progressing  to  such  an  extent  in  rats 
on  the  diet  for  15  days  that  the  trabeculae  in  the  shafts  of  the  tibias  ap¬ 
peared  as  fragments.  The  only  tetany  observed  was  in  thyroparathyroid- 
ectomized  assay  rats  with  a  serum  calcium  in  the  fi.O  to  7.5  mg.%  range 
when  subjected  to  light  ether  anesthesia. 

The  lowest  level  of  parathyroid  hormone-like  activity  assayed  was  10.5 
units  in  a  0.5  cc.  sample  of  serum  from  a  rat  on  the  diet  for  10  days.  The 
highest  level  of  parathyroid  hormone-like  activity  detected  was  26.5  units 
in  a  0.5  cc.  serum  sample  from  a  rat  on  the  diet  for  29  days.  A  dose  response 
was  obtained  when  graded  amounts  of  serum  from  rats  on  the  diet  were  in¬ 
jected  into  the  assay  rats.  The  slope  of  the  dose  response  curve  was  different 
than  that  obtained  when  standard  parathyroid  hormone  was  assayed.  The 
assayable  amount  of  parathyroid  hormone-like  activity,  when  expressed  as 


Jxdy,  urn  PARATHYROID  HORMONE-LIKE  ACTIVITY  IN  RAT  SERA  87 


Fig.  1.  A.  Epiphyseal  region  on  eon- 
trol  rat.  B.  Comparable  region  in  rat  on 
C-D  diet  for  15  days  showing  e.xtensive 
bone  dissolution.  C.  Parathyroid  gland 
of  control  rat.  I).  Parathyroid  hyper¬ 
trophy  in  rat  on  C-I)  diet  for  10  days.  E. 
Kidnej'  deposition  of  calcium  in  a  rat  on 
the  C-D  diet  for  2  dajs.  Giant  cells  also 
evident. 


units  per  cc.  of  serum  assayed,  decreased  as  the  amount  of  serum  injected 
into  the  a.s.say  animal  increa.sed.  Rasmussen  (19)  reported  tiiat  plasma  or 
gelatin  as  an  injection  medium  for  parathyroid  hormone  causes  a  depres¬ 
sion  in  the  dose  response  curve  and  suggested  that  this  may  be  due  to  a 
more  rapid  rate  of  ab.sorption  from  the  site  of  injection.  In  the  present 
study,  however,  the  serum-parathyroid  hormone  ratio  remained  constant 
as  the  amount  of  serum  injected  increa.sed.  The  depre.s.sion  in  activity  is 
more  likely  due  to  inadequate  absorption  of  parathyroid  hormone  from  the 
subcutaneous  depot. 

Decreased  levels  of  serum  inorganic  phosphorus  are  usually  encountered 
in  hyperparathyroidism,  pre.sumably  due  to  the  lowered  renal  threshold  to 
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phosphate.  Under  the  conditions  in  the  present  stud}',  the  high  percentage 
of  phosphate  in  the  diet  apparently  created  a  heavy  renal  load  and  precipi¬ 
tation  of  calcium  phosphate  in  the  kidney  tubules  was  evident  by  the 
second  day  of  the  experiment,  even  though  the  serum  calcium  was  normal 
or  slightly  below  normal.  It  is  not  surprising  then  that  increased  deposition 
of  calcium  phosphate  can  be  correlated  with  increasing  rise  in  serum  inor¬ 
ganic  phosphate  levels.  Urinary  pH  determinations  revealed  that  the  cal¬ 
cium-deficient,  vitamin  D-free  diet  produced  a  constant  state  of  alkaline 
urine  in  the  test  rats,  a  condition  conducive  to  calcium  phosphate  precipi¬ 
tation  in  the  kidney.  There  was  some  concern  subsequent  to  this  study  that 
the  kidney  damage  encountered,  and  resulting  uremia  in  the  test  rats, 
might  influence  the  biological  assay  of  the  sera,  that  is,  that  uremic  sera 
might  influence  the  serum  calcium  levels  in  the  parathyroidectomized  assay 
rats  and  give  a  false  positive  parathyroid  hormone  response.  In  order  to  test 
this  possibility,  1  cc.  serum  sample  from  rats  bilaterally  nephrectomized 
for  two  days,  and  containing  nonprotein  nitrogen  values  of  261  to  859 
mg.%,  were  biologically  assayed  (20).  There  was  no  influence  of  sera  from 
uremic  rats  on  the  serum  calcium  level  in  thyroparathyroidectomized  assay 
rats. 

This  study  demonstrated  the  quantitative  detection  of  parathyroid  hor¬ 
mone-like  activity  in  the  sera  of  rats  with  induced  hyperparathyroidism. 
The  biological  assay  of  parathyroid  hormone-like  activity  in  the  sera  of  the 
test  rats  was  in  all  cases  concomitant  with  hypertrophy  of  the  parathyroid 
glands  and  evidence  of  peripheral  parathyroid  hormone  activity,  that  is,  as¬ 
sociated  with  active  bone  dissolution. 

Acknowledgment 

Tho  authors  acknowlodgo  the  generous  assistanee  of  Doetor  \V.  D.  C'ollings,  Doetor 
L.  F.  Wolterink  and  Miss  Joan  Ahrenhold  of  the  Department  of  Physiology  and  Pharma- 
eology;  Doctor  Esther  Smith  and  Miss  Charlotte  Dienhart  of  the  Department  of 
Anatomy;  and  Doetor  D.  E.  Ullrey  of  the  Department  of  .Vnimal  Husbandry. 

REFERENCES 

1.  Tkppkrman,  H.  M.,  M.  V.  L’Hkurkux  and  A.  E.  Wilhklmi:  J.  Biol.  diem.  168: 

151.  1947. 

2.  Davies,  B.  M.  A.,  A.  H.  Gordon  and  M.  V.  Mussett:  J .  Physiol.  125:  383.  19.54. 

3.  Mun.son,  P.  L.:  Ann.  \ew  York  .lead.  Sei.  60:  776.  1955. 

4.  Davies,  B.  M.  .\.,  .\.  H.  Gordon  and  M.  V.  Mussett:  J.  Physiol.  130:  79.  1955. 

5.  Stewart,  G.  S.  and  H.  F.  Bowen:  Endoerinology  51:  80.  1952. 

6.  Elliott,  J.  R.  and  S.  f’REEMAN:  Endoerinology  59:  181.  1956. 

7.  Talmage,  R.  V.,  J.  R.  Elliott  and  .\.  C.  Enders:  Endocrinology  61:  256.  1957. 

8.  Ross,  W.  F.  and  T.  R.  Wood:  J.  Biol.  Chem.  146:  49.  1942. 

9.  Rasmussen,  H.  and  R.  G.  Westall:  Biochem.  J.  67:  658.  1957. 

10.  Rasmussen,  H.:  B.  J.  Biol.  Chem.  229:  781.  1957. 

11.  Hamilton,  B.  and  W.  J.  Highman,  Jr.:  J.  Clin.  Invest.  15:  99.  1936. 

12.  Bau.man,  E.  j.  and  D.  B.  Sprinson:  .Im.  J.  Physiol.  125:  741.  1939. 


July,  1960  PARATHYROID  HORMOXE-LIKE  ACTIVITY  IX  RAT  SERA  89 

13.  Grkep,  R.  O.:  In  the  Hormones,  1st  ed.,  Cl.  Pineus  and  K.  V.  Thimann,  Eds., 
Academic  Press,  X>\v  York,  X.  Y.  1948. 

14.  Ch.wvfori),  J.  I).,  I).  (iRiBETZ,  \V.  C'.  Diner,  P.  Hurst  and  R.  C'astleman:  Endo¬ 
crinology  61:  59.  1957. 

15.  Stone,  S.  H.:  Science  119:  100.  1954. 

10.  Wilkinson,  R.  H.:  J.  Clin.  Path.  10:  120.  1957. 

17.  SiMONSEN,  D.  Cl.,  M.  Wertman,  L.  M.  Westover  and  J.  W.  Mehl:  J.  Biol.  Cheni. 
166:  747.  1940. 

18.  Weichselbaum,  T.  E.:  .Im.  J.  Clin.  Path.  16:  40.  1940. 

19.  Rasmussen,  H.:  Endocrinology  64:  307.  1959. 

20.  Buckner,  B.:  Cnpublished  e.xperiments.  Dept,  of  Medicine,  Indiana  Med.  C'enter, 
Indianapolis  (1900). 


ROLE  OF  REDUC^IXG  AGENTS,  ADRENAL  GLANDS, 
AND  PITUITARY  GLANDS  ON  THE  CONVERSION 
OF  FOLIC  ACID  TO  CITROVORUM  FACTORS 

V.  M.  DOCTOR 

Dtpnrtment  of  Physiology  and  Biochemistry,  The  University  of  Texas  Dental  Branch  and 
the  Department  of  Medicine,  The  University  of  Texas  M.  D.  Anderson  Hospital 
and  Tumor  Institute,  Houston,  Texas 

ABSTRACT 

The  recovery  of  eitrovorum  factor  present  in  the  urine  of  male  rats  receiving 
folic  acid  is  enhanced  both  by  in  vitro  addition  of  ascorbic  acid  to  the  collection 
bottles  and  by  in  vivo  stomach  tube  feeding  of  ascorbic  acid.  In  vitro  addition 
of  glutathione  or  homocysteine  produces  the  same  increase  in  the  recovery  of 
eitrovorum  factor  in  the  urine  as  that  obtained  with  ascorbic  acid  while  added 
cysteine  is  less  effective. 

.Vdrenalectomj’  lowers  the  urinary  e.xcretion  of  preformed  eitrovorum  factor 
by  male  rats  receiving  folic  acid  but  does  not  affect  the  bulk  of  the  eitrovorum 
factor  activity  present  in  urine  in  the  form  of  a  heat-labile  compound  (N‘“ 
formyltetrahydrofolic  acid).  Hypophysectomj'  lowers  the  urinary  excretion 
both  of  preformed  eitrovorum  factor  and  of  the  heat-labile  precursor.  Admin¬ 
istration  of  beef-growth  hormone  to  the  hypophy.sectoniized  rats  almost  doubles 
the  excretion  of  eitrovorum  factor  in  male  rats  receiving  folic  acid.  However, 
administration  of  adrenocorticotropic  or  thyrotropic  hormone  to  these  rats  does 
not  affect  the  excretion  of  eitrovorum  factor. 

The  administration  of  ascorbic  acid  to  rats  receiving  folic  acid  has 
been  reported  by  Welch  et  al.  (1)  to  enhance  the  urinary  excretion  of 
eitrovorum  factor  (CF).  Dietart'  homocysteine  or  cysteine  also  increases 
the  urinary  excretion  of  CF^  by  rats  receiving  folic  acid  (2).  Silverman  and 
Gardiner  (3)  reported  the  occurrence  in  human  urine  of  a  factor  (N*** 
formyltetrahydrofolic  acid)  which  is  labile  to  heat  and  alkali  and  which 
is  converted  to  CF  by  autoclaving  in  the  presence  of  ascorbic  acid.  A  previ¬ 
ous  report  (4)  presented  data  which  indicated  that  after  administration 
of  a  test  dose  of  folic  acid  to  rats,  about  20%  of  the  increase  in  total  CF 
activity  excreted  in  the  urine  can  be  accounted  for  as  CF,  and  the  remain- 

R(*ci“iv(‘d  Dvcombor  10,  1959. 

*  This  work  was  supported  by  a  U.  S.  Public  Health  Service,  Senior  Research  Fellow¬ 
ship  (SF-28H)  and  by  a  grant  from  the  National  Cancer  Institute  (C-3048),  U.  S.  Public 
Health  Service,  Bethesda,  Maryland.  .4CTH  was  a  Parke,  Davis  and  Company  brand 
of  the  pituitary  adrenocorticotropic  hormone.  Thyrotropic  hormone  (TSH)  and  the 
beef  growth  hormones  were  a  gift  from  the  Biochemical  Research  Department  of  the 
.\rmour  Laboratories,  Chicago,  Illinois.  Pituitrin-S  (Parke,  Davis)  was  a  purified  prepa¬ 
ration  of  water  soluble  principles  of  the  posterior  lobe  of  the  pituitary  gland  of  cattle. 
*  The  abbreviation  used  is:  CF,  eitrovorum  factor. 
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ing  80%  is  present  in  the  form  of  a  heat-labile  compound  which  upon 
autoclaving  in  the  presence  of  ascorbic  acid  gives  CF. 

Both  liver  storage  of  folic  acid  and  CF  and  the  conversion  of  ingested 
folic  acid  to  liver  CF  are  reported  (o)  to  be  normal  in  thyroidectomized 
rats.  Thyroid  treatment,  however,  increases  the  liver  folic  acid  (o)  and 
impairs  CF  formation  from  folic  acid.  Adrenalectomy  or  hypophysectomy 
is  reported  (4)  to  lower  the  urinarj-  excretion  of  CF  by  rats  receiving  folic 
icid.  The  present  report  is  concerned  with  the  role  of  reducing  agents,  the 
adrenal  glands  and  the  pituitary  glands  on  the  excretion  of  CF  by  rats 
receiving  folic  acid. 


MATERIALS  AND  METHODS 

Adult  male  rats  of  the  Sprague-Dawley  strain  were  placed  individually  in  stainless 
'teel  metabolism  cages  equipped  with  specially  designed  collecting  funnels  (made  by 
Micro-Metric  Instrument  Company).  Rats  were  maintained  on  Purina  laboratory  chow 
throughout  the  experimental  periotl.  The  animals  were  weighed  and  randomly  distrib¬ 
uted  into  groups  of  6  each.  Urine  collections  were  started  24  hours  after  the  rats  had  been 
placed  on  the  above  mentioned  diet  and  were  continued  daily  for  1  to  2-week  test  periods. 
I'wo  drops  of  a  10%  solution  of  thymol  in  isopropanol  were  added  as  a  preservative  to 
each  collection  bottle  before  beginning  the  daily  urine  collection.  Aiklition  of  ascorbic 
acid  to  the  urine  collection  bottles  was  optional  and  was  included  in  the  experiments 
where  it  was  necessary  to  protect  the  heat-labile  precursor  in  the  urine  during  collection 
and  to  convert  it  to  CF  during  the  autoclaving  procedure.  For  the  determination  of  C’F, 
tlie  six  24-hour  urine  collections  from  6  rats  of  the  same  group  were  combined  and  an 
ali(iuot  of  the  pooled  sample  was  filtered,  neutralized,  and  autoclaved  for  30  minutes  at 
120°  C.  The  heated  samples  were  cooled,  reneutralized,  diluted  and  assayed  for  CF  con¬ 
tent  by  using  the  Bacto-CF  Assay  Medium  (I)ifco  Laboratories,  Inc.).  Pediococcus 
ctrevisiae  ATCC  8081  was  used  as  the  test  organism.  Leucovorin  (Lederle)  was  used  as 
the  standard.  The  cultures  were  incubated  for  48  hours  at  37°  C.  and  growth  was  meas¬ 
ured  by  a  turbidimetric  procedure.  Since  Leucovorin  has  been  reported  to  be  one-half 
as  active  as  the  CF  isolated  from  horse  liver  (6),  the  microbiological  assay  values  were 
divided  by  2  in  order  to  express  the  results  in  terms  of  the  naturally  occurring  CF. 

Ilypophy-scctomized  rats  were  obtained  commercially  (Hormone  Assay  Laboratories, 
Inc.  Chicago,  Illinois).  .Vdrenalectomies  were  performed  by  the  usual  procedure.  The 
adrenalectomized  rats  and  the  sham  operated  controls  were  given  1%  salt  in  their  drink¬ 
ing  water. 


RESULTS  AND  DISCUSSION 

The  results  on  the  in  vitro  and  in  vivo  effect  of  ascorbic  acid  on  the  re¬ 
covery  of  CF  in  the  urine  of  male  rats  receiving  folic  acid  are  shown  in 
Figure  1.  All  the  rats  received  100  /ig.  of  folic  acid  by  stomach  tube  daily, 
'.’arious  levels  of  ascorbic  acid  were  either  put  in  the  urine  collection  bottles 
or  were  administered  by  stomach  tube  daily.  Urine  samples  from  the  0 
rats  of  each  group  were  pooled  and  autoclaved  before  CF  determinations 
were  made.  It  is  apparent  from  Figure  1  that  only  a  small  percentage  of  the 
(Iministered  folic  acid  is  excreted  in  the  urine  as  preformed  CF.  The  bulk 
‘f  the  CF  content  is  present  as  a  heat-labile  precursor.  Addition  of  ascorbic 
cid  to  the  urine  collection  bottles  or  administration  of  ascorbic  acid  by 
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Fig.  1.  Kffeot  of  ascorbic  acid  in  vitro  and  in  vivo  on  the  recovery  of  CF  in  the  urine  of 
male  rats  receiving  folic  acid. 

Rats  were  given  100  /ng.  folic  acid  by  stomach  tube  daily  and  maintained  on  Purina 
Laboratory  chow  throughout  the  experiment.  The  figures  by  the  side  of  each  point  on 
the  graph  represent  the  number  of  rats  in  each  grouj).  The  urine  samples  were  jiooled  and 
autoclaved  prior  to  CF  determinations.  The  values  plotted  are  average  daily  C'F  re¬ 
covery  from  a  7-day  test  period.  Daily  variations  are  shown  by  +  the  standard  devia¬ 
tion  of  the  mean. 

stomach  tube  enhances  the  recovery  of  CF  in  the  urine  presumably  by 
protecting  tlie  heat-labile  precursor  during  urine  collection  and  by  en¬ 
hancing  its  conversion  to  CF  during  the  autoclaving  procedure.  Figure  1 
shows  that  200  mg.  ascorbic  acid  .solution  administered  by  stomach  tube 
yielded  the  same  recovery  of  CF  in  the  urine  as  25  mg.  ascorbic  acid  solu¬ 
tion  placed  inside  the  urine  collection  bottles.  These  results  rule  out  the 
implication  that  dietary  ascorbic  acid  enhances  enzymatically  the  in  vivo 
conv’ersion  of  folic  acid  to  urinary  CF  (1). 

Studies  on  the  in  vitro  effect  of  various  reducing  agents  on  the  recovery 
of  CF  in  the  urine  are  presented  in  Table  1.  Homocysteine  and  glutathione 
are  as  effective  as  ascorbic  acid,  whereas  cysteine  is  less  effective.  Silver- 
man  and  (lardinery  (3)  reported  that  autoclaving  human  urine  samples 
with  cysteine  gave  CF  values  lower  than  those  obtained  by  autoclaving 
them  with  ascorbic  acid.  Dietary  homocysteine  is  reported  to  be  more 
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Table  1.  Effect  of  reducing  agents  in  vitro  ox  the  conversion 
OF  FOLIC  ACID  TO  URINARY  CF 


Hats* 

j  .\ddition  to  the  col- 

j  lection  bottles 

1  ' 

Urinary  excretion  of 
CF,**  /ig.  per  day 
per  rat 

1 

Clroup  1 

1  No.  per 

1  grouj) 

|.\ver.  weight, 

1  gm. 

1 

1 

(> 

245 

None  i 

4.3  + 1.3 

2 

G 

254 

.\scorbic  acid,  150  mg. 

21  .G+3.3 

3 

G 

252 

Homoevsteine,  150  mg.  1 

22.7  +  1  .5 

4 

G 

259 

Glutathione,  150  mg.  j 

19.2  +  1  .G 

5 

G 

257 

Cysteine  Hcl.,  150  mg.  ! 

8.7  +  1  .2 

'  The  ruts  were  given  UK)  /iR-  I«lie  acid  t)y  stomach  tulie  tiaily  ami  were  maintained  on 
Purina  laboratory  chow  throughout  the  experiment. 

’  Figures  for  CF  are  mean  daily  excretion  from  a  7-day  test  period  ±the  standard  devia¬ 
tion. 


effective  than  cysteine  in  increasing  the  CF  content  of  the  urine  from  rats 
receiving  folic  acid  (2). 

Data  concerning  the  effect  of  adrenalectomy  on  the  urinary  excretion 
of  CF  by  male  rats  are  presented  in  Table  2.  During  the  first  week  of  the 
experiment  reported  in  Table  2,  the  urine  samples  were  collected  in  empty 
bottles  and  later  autoclaved  at  120°  C  for  30  minutes  prior  to  running 
the  CF  assay.  This  means  that  only  preformed  CF  activity  is  determined. 
'Fhe  results  of  this  study  (Table  2,  first  week)  confirm  the  previous  report 
(4)  that  adrenalectomy  lowers  both  the  excretion  of  CF  and  the  iti  vivo 
conversion  of  folic  acid  to  urinary  CF.  Also,  cortisone  acetate  enhanced  the 
excretion  of  CF'  in  adrenalectomized  rats  receiving  folic  acid  but  similar 
treatment  of  sham  operated  animals  was  without  effect  (4).  In  order  to 
determine  the  effect  of  adrenalectomy  on  the  excretion  of  heat-lal)ile  pre¬ 
cursor  of  CF”  and  also  on  the  conversion  of  folic  acid  to  the  presursor, 
during  the  second  week  of  the  experiment  the  urine  samples  were  collected 


Table  2.  Effect  of  adrenalectomy  on  urinary  excretion  of 
CF  BY  MALE  RATS 


Rats 

Urinary  excretion  of 
CF,**  |ig.  per  day 
per  rat 

1st  week  i  2nd  week 

Group 

No.  per 
group 

.\ver. 

weight, 

gm. 

Supplement*  to  Purina  chow 
per  day  per  rat 

1 

G 

324 

Sham  operation  | 

0.4+0. 1  1 

2.7  +0.4 

2 

G 

323 

-|-Folic  acid,  100  iig. 

2.2 +0.2 

21  .0  +  3.3 

.3 

G 

324 

4-Folic  acid,  100  mK-  + 

Cortisone  acetate,  2  mg. 

2.1  +0.1 

22 . 7  ±  1  . 2 

4 

G 

304 

.\drenalectomv 

0.2 +0.1 

1.8 +0.2 

5 

G 

.301 

-f- Frolic  acid,  100  /xg. 

1.2 +0.2 

1  20.7+2.2 

G 

G 

309 

TF'olic  acid,  100  mR-T 

Cortisone  acetate,  2  mg. 

1 .8+0.3 

j  21  .5±l  .1 

‘  Folic  acid  was  administered  by  stomach  tube,  whereas  cortisone  acetate  was  givc-n  by 
utramuscular  injection. 

*  The  figures  for  CF  are  mean  daily  excretion  from  a  7-day  test  period  +  standard  devia- 
•ion.  During  the  2nd  week  the  rat  urines  were  collected  in  bottles  containing  200  mg.  ascorbic 
cid. 
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Table  3.  Effect  of  growth  hormone  on  the  conversion  of  folic 
ACID  TO  URINARY  CF  BY  H YPOPH YSECTOMIZED  MALE  RATS 


Croup  ^ 

Rats 

No. 

per 

group 

.\ver. 

weight, 

gm. 

Supplement*  to  Purina  Chow 
per  day  per  rat 

Urinary  excretion  of  CF,* 

Mg.  per  day  per  rat 

Ist  wk.  j 

2nd  wk.  j 

.\ver. 

1 

6 

1  219 

1  Sham  operation 

1.2±0.4 

1.5±0.4  i 

1 .4 

2 

() 

1  220 

i  -|- Growth  hormone,  0.5  mg. 

1.4±0.2 

1.9 +0.5  ! 

l.G 

3 

G 

1  223 

-I- Folic  acid,  100  Mg- 

12. G +0.4 

14.G±1.7  i 

13.G 

4 

G 

215 

4- Folic  acid,  100  Mg-  + 

1 

growth  hormone,  0.5  mg. 

11.5±2.0 

13. 7  ±1.9 

12.  G 

5 

G 

171 

Hypophvsectomy 

0.3  ±0.1 

0.4±0.1 

0.4 

6 

1  ^ 

180 

-i- Growth  hormone,  0.5  mg. 

0.4  ±0.1 

0.5±0.1 

0.4 

7 

I  G 

1  175 

-b  Folic  acid,  100  Mg- 

4.G±0.8 

4.3±0.G 

4.4 

8 

1  G 

i  181 

;  -t-Folic  acid,  100  Mg- + 

growth  hormone,  0.5  mg. 

G.7  ±0.9 

j  8.3±0.8 

7T5 

*  Folic  acid  was  administered  by  stomach  tube,  growth  hormone  was  given  by  intramus¬ 
cular  injection. 

’  Urine  sample  from  each  rat  was  collected  in  300  mg.  of  ascorbic  acid  solution  per  bottle. 
Figures  for  CF  are  mean  daily  excretion  from  a  7-day  test  period  ±  standard  deviation. 

in  300  mg.  of  ascorbic  acid  solution,  autoclaved  at  120°  for  30  minutes 
and  assayed  for  CF.  It  is  apparent  from  the  results  (Table  2)  that  adrenal¬ 
ectomy  does  not  appreciably  influence  the  excretion  of  the  total  CF^  or 
the  in  vivo  conversion  of  folic  acid  to  its  head-labile  precursor.  This  indi¬ 
cates  that  the  lowering  of  the  in  vivo  conversion  of  folic  acid  to  urinary 
preformed  CF  in  adrenalectomized  rats  may  be  due  to  a  lack  of  the  ad¬ 
renal  glands. 

The  data  on  the  effect  of  hypophysectomy  on  the  urinary  excretion  of 
CF  by  male  rats  are  reported  in  Table  3.  Since  urine  samples  from  each 
rat  were  collected  in  300  mg.  of  ascorbic  acid  solution  per  bottle,  the 
values  are  for  total  urinary  CF.  Hypophysectomized  rats  excrete  only  one 
third  as  much  CF  as  normal  rats;  similarly  their  conversion  of  folic  acid 
to  urinary  CF  is  one  third  that  of  normals.  Administration  of  growth  hor¬ 
mone  alone  does  not  affect  the  excretion  of  CF  by  hypophysectomized  or 
normal  rats.  However,  when  given  together  with  folic  acid,  the  growth 
hormone  enhances  almost  2-fold  the  conversion  of  folic  acid  to  CF  by 
hypophysectomized  rats  but  is  without  effect  in  normals.  The  effect  of 
growth  hormone  administration  on  the  weights  of  the  hypophysectomized 
rats  are  plotted  in  Figure  2.  Normal  animals  .subjected  to  sham  operations 
gained  on  the  av'erage  58  gm.  during  the  two-week  period  as  contrasted 
to  42  gm.  gained  by  hypophysectomized  rats  receiving  0.5  mg.  growth 
hormone  per  day  per  rat.  The  weights  of  the  hypophy.sectomized  rats  not 
receiving  the  growth  hormone  remained  unchanged. 

The  effect  of  adrenocorticotropic  hormone  (ACTH),  thyrotropic  hor¬ 
mone  (TSH)  and  extracts  of  the  posterior  lobe  of  the  pituitary  (Pituitrin-s) 

®  Total  CF  includes  CF  present  in  the  urine  and  the  CF  formed  from  the  heat-labile 
precursor  by  autoclaving  the  urine  in  presence  of  ascorbic  acid. 
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300  I 


o  250 


(6)±14 


200 


175 


. .  (6)+ 13 


_ 


(6)-9  HYPOPHYSECTOMIZED 
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P'lG.  2.  Effect  of  growth  hormone  athninistnition  on  the  weights  of  tlie  hypopliysceto- 
inized  rats  during  a  two-week  experiment.  CF  data  for  this  exi)eriment  are  descrii)ed  in 
Table  3.  The  figures  by  the  side  of  eaeli  point  on  tlie  graph  represent  tlie  number  of  rats 
in  each  group.  Values  plotted  are  the  average  weights  of  the  rats  and  the  range  is  shown 
l)y  +  the  standard  deviation  of  the  mean. 


Tabi.e  4.  Kkkect  of  adrenocorticotropic  (AC'TH),  thyrotropic  (TSH)  and  extracts 

OF  POSTERIOR  LOBE  OF  THE  PITUITARY  (PITCITRIN-S)  ON  THE  CONVERSION  OF 
FOLIC  ACID  TO  URINARY  CF  BY  HYPOPHYSECTOMIZED  MALE  RATS 


Rats 

Urinary  excretion 
of  CF,®  /ig.  per 
day  per  rat 

Croup 

No. 

per 

group 

.\ver. 

weight, 

gm. 

Supplement*  to  Purina  Chow 
jier  day  per  rat 

i 

llvpophvsectomized 

1 

0 

185 

-j- Folic  acid,  100  ag- 

0.3  +0.8 

2 

0 

180 

-i-Folic  acid,  100/ig.  +  ACTII,  1  U.S.P. 
unit 

0.1  +0.4 

3 

6 

180 

+  Folic  acid,  100  mK-  +TSH,  0.2  U.S.P. 
unit 

0.0 +0.0 

4 

0 

173 

1  -f  Folic  acid,  100  /ig. -hPitiiitrin  (S), 

1  2  U.S.P.  unit 

4.4  +0.7 

5 

0 

171 

.  +Folic  acid,  100  Mg-+growth  lior- 

1  mone,  0.5  mg. 

i  11.4+0.8 

0 

0 

173 

+  Folic  acid,  100  ag.+growth  hor- 
1  mone,  0.5  mg. +.\CTH,  1  U.S.P.  unii 

1 

1  10.7+1.4 

7 

0 

185 

+  Folic  acid,  100  Mg.+growth  hormone, 
j  0.5  mg. -|-TSn,  0.2  U.S.P.  unit 

1 

1 

‘  Folic  acid  was  administered  by  stomach  tube,  whereas  .\CTH,  TSH,  Pitiiitrin-S  and 
j:rowth  hormone  were  given  by  intramuscular  injections. 

*  Urine  .sample  from  each  rat  was  collected  in  300  mg.  of  ascorbic  acid  solution  per  bottle. 
The  figures  for  CF  are  mean  daily  excretion  from  a  7-da\'  test  period  +  standard  (leviation. 
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on  the  conversion  of  folic  acid  to  urinary  CF  by  hypophysectomized  male 
rats  are  reported  in  Table  4.  Administration  of  ACTH  or  TSH  does  not 
affect  the  conversion  of  folic  acid  to  urinary  CF,  while  growth  hormone 
enhances  it  and  Pituitrin-s  inhibits  it.  The  increase  in  the  conv’ersion  pro¬ 
duced  by  growth  hormone  is  not  affected  by  simultaneous  administration 
of  ACTH,  but  TSH  appears  to  counteract  the  stimulatory  effect  of  the 
growth  hormone. 
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ABSTRACT 

Recent  investigations  have  shown  that  cortisol  administration  results  in  a 
marked  increase  in  liver  glutamic-pyruvic  transaminase  enzyme  activitj'.  Be¬ 
cause  of  this  observation  it  has  been  suggested  that  gluconeogenic  action  of 
adrenal  steroids  may  depend  upon  elevation  of  this  transaminase  level.  Since 
pj’ridoxal  phosphate  is  the  cofactor  for  the  enzyme,  effects  of  cortisol  on  liver 
glycogen  deposition  and  glutamic-p3’ruvic  transaminase  activity"  were  studied  in 
vitamin  Bb  deficient  and  control  rats.  The  findings  demonstrate  that  glucocorti¬ 
coid  action  of  cortisol  is  diminished  in  Be  depleted  animals  as  is  the  effect  of 
the  hormone  on  transaminase  activity.  Other  parameters  of  cortisol  action  such 
as  involution  of  lymphoid  tissue  and  inhibition  of  ACTH  release  were  not 
altered  bj’  the  vitamin  deficiencj-.  It  is  concluded  that  gluconeogenic  activity  of 
adrenal  corticoids  depends  not  onlj'  on  their  molecular  configuration  but  also 
upon  nutritional  status  of  the  animal.  The  findings  also  support  the  concept 
that  glucocorticoid  activity  maj’  depend  on  increased  levels  of  liver  glutamic- 
pyruvic  transaminase. 

Recent  evidence  has  demonstrated  that  administration  of  cortisol 
or  certain  other  adrenal  steroids  results  in  a  marked  increase  in  activ¬ 
ity  of  the  liver  glutamic-pyruvic  transaminase  (LGPT)  enzyme  (1,  2). 
This  effect  appears  to  be  specific  since  activity  of  a  closely  related  enzyme, 
glutamic-oxalacetic  transaminase,  is  altered  onlj'  slightly  in  response  to 
these  hormones  (3).  Furthermore,  only  those  adrenal  steroids  which  have 
pronounced  effects  on  carbohydrate  metabolism  are  capable  of  stimidating 
LGPT  activity  (4).  Because  of  the  of  these  observations  it  has  been  .sug¬ 
gested  (2)  that  gluconeogenic  action  of  adrenocortical  hormones  may  de¬ 
pend  upon  increased  activity  of  the  LGPT  enzyme  system  which  results 
from  their  administration.  If  gluconeogenic  action  of  adrenal  steroids  de¬ 
pends  upon  increased  levels  of  LGPT,  glucocorticoid  activity  of  these  hor¬ 
mones  should  be  less  in  Vitamin  Be  deficient  animals  than  in  normal  ani¬ 
mals  since  pyridoxal  phosphate  is  the  cofactor  for  the  enzyme.  The  ex¬ 
periments  reported  here  were  carried  out  to  compare  the  effect  of  cortisol 
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on  liver  glycogen  deposition  in  Be  deficient  rats  with  that  in  intact  animals 
and  to  determine  if  gluconeogenic  activity  of  the  steroid  can  he  correlated 
with  levels  of  glutamic-pyruvic  transaminase.  The  results  demonstrate 
that  liver  glycogen  deposition  following  cortisol  is  less  in  Be  deficient  than 
in  intact  rats  and  that  there  is  a  direct  correlation  between  amount  of  gh- 
cogen  deposited  and  the  rise  in  LGPT. 

MATERIALS  AND  METHODS 

Male  rats  (Holtznian)  weighing  50-60  grams  were  fed  a  synthetic  diet  containing  all 
known  nutrients  excei)t  pyridoxine.  A  control  group  was  pair-fed  the  same  diet  to  which 
pyridoxine  (22  mg.  kg.)  was  added.  Animals  were  housed  individually  and  weighed 
twice  weekly.  Both  groups  were  maintained  on  their  respective  diets  for  52  da\'s.  During 
the  last  week,  half  the  animals  of  each  group  were  given  5  mg.  cortisol  subcutaneously 
daily  while  those  remaining  were  injected  with  the  vehicle.  Immediately  before  injec¬ 
tion  cortisol  was  suspended  in  the  vehicle,  a  mixture  of  0.5%  carboxymethylccllulo.se, 
0.4%  Tween  SO,  and  1.5%  benzyl  alcohol  dissolved  in  isotonic  saline.  On  the  final  da\', 
food  was  withheld  from  all  animals  aiifl  ten  hours  before  they  were  sacrificed  an  addi¬ 
tional  injection  of  cortisol  or  vehicle  was  given,  .\nimals  were  decaj)itated  and  spleen, 
adrenals,  and  liver  removed  and  weighed.  Spleen  weight  was  used  to  determine  the  effect 
of  cortisol  on  lymphoid  ti.ssue  and  adrenal  weight  served  as  a  measun'  of  the  pituitary 
inhibiting  effect  of  the  hormone.  Duplicate  samples  of  liver  weighing  approximately  200 
mg.  were  taken  and  glycogen  content  <letermined  by  the  method  of  Walaas  and  Walaas 
(5).  The  remainder  of  the  liver  was  homogenized  with  19  volumes  of  cold  distilled  water 
and  stored  at  —20°  ('.  Subst'cpiently,  L(IPT  activity  of  the  homogenate  was  measured 
using  a  proee<lure  described  by  Lowry  (6).  Protein  content  of  each  liver  was  also  deter¬ 
mined  (7). 

RESULTS 

Animals  which  consumed  the  Be  deficient  diet  gained  weight  throughout 
the  experiment,  altliough  the  rate  of  gain  was  slower  than  that  of  the  pair- 
fed  controls  (Table  1).  During  the  last  week  when  corti.sol  was  adminis¬ 
tered,  rats  of  both  groups  which  received  the  hormone  lost  weight.  Weight 
lo.ss  was  greater  in  deficient  animals  than  in  controls.  Administration  of 
cortisol  to  pyridoxine-depleted  as  well  as  control  animals  resulted  in 
involution  of  the  spleen  and  atrophy  of  the  adrenals  (Table  1).  In  both 
groups,  .spleen  weight  of  animals  injected  with  cortisol  was  less  than  half 


T.\BI.K  1.  IA'FKCT  (IF  CCIRTISOI.  (IX  BdllV,  SIM.KEX  .\X1)  .\I)RENAI.  WEIfiHTS 
(IF  Hfi  1)EFICIF:XT  AXD  PAFR-FEII  CdXTRdl.  RAT.S 


1 

i 

Final  body 
weight  (gm.) 

Sjdeen  weight  ■ 
(mg.) 

-tdrenal  weight 
(mg.) 

Pair-Fed  Control  Rats  Injected  with  Vehicle 
(16) 

177.5+2.5 

346.1  +  7.6 

37.56+  .87 

'  ■ 

Pair-Fed  Control  Rats  Injected  with  Cortisol 
(16) 

156.4  +  1  4 

169.7+  .5 .  ,5 

1  20.49 ±  .73 

Be  Deficient  Rats  Injected  with  Vehicle  (13) 

146.8+5.6 

308. 5  ±11.1 

!  35.37  ±1  .44 

1 

■  / 

Be  Deficient  Rats  Injected  with  Cor'isol  (15) 

1  113.4  ±3.5 

1 1 5 . 3  ±  5.7 

1  21.03±  .75 

Mean  values  ±  standard  error  of  mean. 
Number  of  animals  in  group  in  parenthesis. 
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that  of  those  receiving  the  vehicle.  Reduction  of  adrenal  weight  in  rats  re¬ 
ceiving  cortisol  was  of  approximately  the  same  magnitude  in  deficient  and 
control  groups.  It  should  be  pointed  out,  however,  that  if  adrenal  weight  is 
considered  in  relation  to  body  weight,  the  decrease  is  greater  in  control 
than  in  deficient  rats.  This  can  probably  be  explained  by  the  greater  de¬ 
gree  of  body  weight  loss  in  the  Be  deficient  group. 

Cortisol  administration  to  pair-fed  control  rats  resulted  in  a  9-fold  rise  in 
hepatic  glycogen  concentration  and  total  liver  glycogen  was  increased  al¬ 
most  20  times  (Table  2).  When  the  hormone  was  given  to  Be  deficient  rats, 
however,  increases  in  liver  glycogen  concentration  and  total  glycogen  con- 


Tabi.e  2.  Effect  of  cortisol  on  liver  weight,  glycogen  content,  and 

GLCTAMIC-PYRUVTC  TRANSAMINASE  ACTIVITY  OF  Bj  DEFICIENT  AND  PAIR-FED  RATS 


Liver  j 
weight 
(gm.) 

Liver 

glycogen 

(mg./gm.) 

Total  liver 
glycogen 
(mg. /liver) 

LtiPT  activitv 
(mM  DPN  ■ 
formed/total 
liver/hour) 

Pair-Fed  Control  Rats  In¬ 
jected  with  Vehicle  (Hi) 

4.7+  .08 

8.87+  .84 

41.72+  4.28 

33.3  +  1 .05 

Pair-Fed  Control  Rats  In¬ 
jected  with  Cortisol  (16) 

9.2+  .17 

80.64+2.18  ' 

738.9  +24.3 

131  .7+3.27 

Be  Deficient  Rats  Injected 
with  Vehicle  (13) 

4.7  +  .16 

11.52  +  1.34 

54.43+  6.96 

12.0+  .74 

Be  Deficient  Rats  Injected 
with  Cortisol  (15) 

4.9+  .25 

38.25+6.59 

205.9  ±38.5 

26.5 ± 1 .38 

Mean  values  ±  standard  error  of  the  mean. 
Number  of  animals  in  group  in  parenthesis. 


tent  were  considerably  smaller.  Differences  in  glycogen  deposition  follow¬ 
ing  corticol  between  the  two  groups  were  significant,  P=  <0.001. 

LGPT  level  of  deficient  rats  injected  with  the  vehicle  was  much  less  than 
that  of  comparable  controls  and  is  indicative  of  the  degree  of  vitamin  Be  de¬ 
pletion  in  these  animals  (Table  2).  Cortisol  injection  in  controls  induced  a 
marked  increa.se  in  LGPT  activity,  the  level  rising  from  .33  mM  DPN* 
formed /liver/hour  to  132,  whereas,  in  pyridoxine-depleted  rats  LGPT 
activity  rose  only  from  12  to  26.  This  difference  was  .statistically  significant, 
P=  <6.001. 

Liver  hypertrophy  was  observed  in  control  rats  receiving  corti.sol  but  did 
not  occur  in  the  deficient  group  (Table  2).  Hepatic  enlargement  was  due,  in 
part,  to  increased  glycogen  levels  but  protein  and  water  contents  were  also 
found  to  be  elevated.  Analysis  of  lipid  content  was  not  carried  out. 

DISCUSSION 

The  re.sults  of  this  investigation  have  demonstrated  that  when  corti.sol  is 
idministered  to  vitamin  Be  deficient  rats,  only  small  increases  in  liver  gly- 
ogen  and  LGPT  activity  occur.  The  decreased  glucocorticoid  activity  of 


“  Diphosphopyridine  nuclootidp. 


100 


EISENSTEIX 


Volume  67 


cortisol  can  probably  be  attributed  to  diminished  tissue  content  of  pyri- 
doxal  phosphate  which  prevents  an  increase  of  transaminase  activity  in  re¬ 
sponse  to  the  hormone.  It  is  postulated  that  since  LOPT  activity  remains 
low,  conversion  of  alanine  to  pyruvic  acid  is  limited  and,  as  a  result,  only 
small  amounts  of  {jlycogen  are  synthesized.  In  control  animals,  cortisol  ad¬ 
ministration  resulted  in  a  marked  increase  in  LGPT  activity  and  deposi¬ 
tion  of  large  quantities  of  glycogen  in  the  liver.  Thus,  it  is  apparent  that 
there  was  a  direct  correlation  between  the. rise  in  transaminase  activity  and 
glycogen  synthesis  both  in  Bg  deficient  and  control  rats.  These  results  are  in 
harmony  with  the  suggestion  that  gluconeogenic  action  of  adrenal  steroids 
may  be  mediated  through  an  increase  in  activity  of  the  LGPT. 

6:  It  is  of  interest  that  vitamin  Be  is  concerned  with  glycogen  metabolism 
not  only  through  its  role  as  coenzyme  for  LGPT  but  pyridoxal  phosphate 
is  also  a  cofactor  for  phosphorylase,  an  enzyme  concerned  primarily  with 
glycogenolysis  (8).  Furthermore,  previous  evidence  demonstrating  the  in¬ 
fluence  of  vitamin  Be  on  hormonal  action  has  been  obtained  by  Wooten  el 
al.  (9)  who  showed  that  metabolic  effects  of  follicle-stimulating  and  inter¬ 
stitial  cell-stimulating  hormones  were  greatly  reduced  in  pyridoxine-de- 
pleted  rats.  Even  though  the  effects  of  cortisol,  follicle-stimulating  hormone 
and  interstitial  cell-stimulating  hormone  are  inhibited  by  Be  deficiency, 
there  is  no  evidence  to  suggest  that  metabolic  actions  of  all  these  hormones 
are  mediated  through  the  same  Be  dependent  enzyme. 

Involution  of  lymphoid  tissue  and  inhibition  of  ACTII  release,  as  deter¬ 
mined  by  spleen  and  adrenal  weights,  were  almost  the  same  in  the  two 
groups  although  glycogen  deposition  and  liver  hypertrophy  were  greater  in 
control  than  in  deficient  animals.  These  findings  make  it  evident  that  cer¬ 
tain  metabolic  effects  of  adrenal  steroids  can  be  altered  while  other  actions 
remain  unchanged.  Increased  liver  weight  after  adrenocortical  hormone  ad¬ 
ministration  has  been  observed  by  other  investigators  (10)  but  it  has  not 
been  reported  that  the  effect  is  abolished  in  pyridoxine  deficiency.  This 
finding  cannot  be  explained  by  the  results  of  the  inv’estigation  reported  here 
but  it  serves  to  emphasize  that  certain  responses  to  hormones  may  be  im¬ 
paired  by  nutritional  deficiency.  The  observation  that  certain  actions  of 
cortisol  were  altered  while  others  remained  intact  suggests  that  cortisol 
may  exert  its  various  effects  by  influencing  several  enzyme  systems.  As  a 
matter  of  fact,  it  has  been  shown  that  the  hormone  affects  activity  of  sev¬ 
eral  enzymes  including  D-amino  acid  oxidase,  xanthine  oxidase,  glucose  fi- 
phosphatase  and  others  (3)  although  the  significance  of  these  changes  is  not 
understood. 
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BIOASSAY  OF  RELAXIN  USING  A  REFERENCE  STANDARD: 
A  SIMPLE  AND  RELIABLE  METHOD  UTILIZING 
DIRECT  MEASUREMENT  OF  INTERPUBIC 
LIGAMENT  FORMATION  IN  MICE 

B.  (;.  STEINETZ,  V.  L.  BEACH,  R.  L.  KROC,  N.  R. 
STASILLI,  R.  E.  NUSSBAUM,  P.  J.  NEMITH 
AND  R.  K.  DUNi 

ABSTRACT 

The  estrogen-primed  mouse  responds  to  single  injections  of  relaxin  with 
dose-proportional  increases  in  the  length  of  the  interpubic  ligament.  This 
effect  is  specific  for  relaxin  and  has  served  as  the  basis  for  published  bioassay 
l)rocedures.  .\  simple  and  accurate  method  for  direct  measurement  of  inter¬ 
pubic  ligament  length  was  previously  developed,  employing  transillumination 
and  magnification  of  the  exposed  pubic  symphysis  (13).  quantitative  bio¬ 
assay  procedure  was  devised  in  which  relaxin-containing  preparations  were 
evaluated  in  terms  of  a  reference  standard  (13).  The  present  report  is  an  exten¬ 
sion  of  this  earlier  work.  Detailed  evidence  is  presented  to  justify  each  step 
of  the  assa}'  procedure.  The  data  demonstrate  that  precision  and  reproducibility 
of  the  assay  depends  j)rimaril3’  on  control  of  the  following  variables:  selection 
of  mice,  adequacj’  of  estrogen  priming,  selection  of  injection  vehicle,  rate  of 
ligament  formation,  and  seasonal  shifts  in  responsiveness  of  mice.  Thus,  mice 
which  fail  to  gain  weight  during  the  estrogen  priming  period  are  not  reliable  for 
assaj’.  Uterine  enlargement  is  correlated  with  the  effectiv'cness  of  the  estrogen 
priming,  and  is  used  as  a  criterion  of  assaj-  eligibilit}’.  Rate  of  interpubic  liga¬ 
ment  formation  is  dependent  on  the  vehicle  used  for  relaxin  injection.  Several 
commercial  strains  of  mice  were  u.sed  for  assaj-  weeklj-  over  a  period  of  2  years. 
Significant  seasonal  shifts  in  response  to  the  relaxin  reference  standard  were  ob¬ 
served.  Thus,  unknowns  must  be  evaluated  in  terms  of  a  concomitant  standard. 
Response  units  are  unreliable. 

When  these  precautions  are  used,  limits  of  error  of  potencj-  estimates  gen- 
erallj-  fall  within  —27  to  -|-35%  at  p  =  0.95,  and  X  is  0.2-0.4. 

The  protein-like  ovarian  hormone,  relaxin,  has  not  yet  been  isolated  as 
a  chemically  identifiable  substance.  Consequently,  demon.stration  of 
relaxin  activity  in  animal  tissues,  and  determination  of  potency  of  relaxin- 
containing  extracts,  have  depended  entirely  upon  biological  assay  methods. 

Since  the  discovery  of  relaxin  by  Hisaw  (1)  in  1926,  many  bioassay 
methods  have  been  proposed.  These  methods  employ  such  diverse  biologi¬ 
cal  responses  as  “relaxation”  of  the  pubic  symphysis  of  guinea  pigs  (2,  3,  4) 
or  mice  (5,  6,  7,  8),  and  inhibition  of  uterine  motility  in  vivo  or  in  vitro  in 
guinea  pigs  (9),  rats  (10)  and  mice  (11,  12,  13).  However,  no  one  assay  pro- 
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oeclure  has  received  universal  acceptance.  As  a  conseciuence,  reports  of 
basic  experimental  and  clinical  work  on  relaxin  have  been  confused  by  a 
complete  lack  of  standardization  between  preparations  used  by  different 
investigators  (14). 

The  major  problems  of  relaxin  bioassay  have  been  discussed  by  many 
authors  (7,  8,  18,  14,  15,  Ki).  Basically,  the  difficulty  is  twofold:  1)  There 
exists  no  widely  accepted  and  available  relaxin  reference  standard;  2)  The 
classical  method  of  assay  (guinea  pig  pubic  symphysis  palpation)  is  difficult 
to  reproduce,  subjective,  costly,  and  rigid  statistical  criteria  have  .seldom 
been  applied. 

I'dongation  of  the  interpubic  ligaments  of  mice  has  served  as  a  satis¬ 
factory  parameter  of  relaxin  activity  in  the  hands  of  many  investigators. 
Indeed,  assay  procedures  involving  x-ray  of  the  mouse  pubic  symphysis  be¬ 
fore  and  after  treatment  with  relaxin  have  been  proposed  by  Hall  (5), 
Dorfman,  ct  al.  (6)  and  Kliman  and  co-workers  (7,  8).  Kliman  and  (ireep 
(17)  demonstrated  the  importance  of  a  repository  vehicle  for  relaxin  injec¬ 
tion  in  mice. 

Kroc  et  al.  (13)  have  reported  briefly  on  a  simplified  mouse  assay,  in 
which  time-consuming  x-ray  techniciues  are  replaced  by  rapid  and  precise 
direct  measurement  of  transilluminated  pubic  ligaments.  Potencies  were 
estimated  in  terms  of  a  concomitant  reference  standard. 

The  present  report  is  an  extension  of  the  work  of  Kroc  et  al.  (13)  and  pre¬ 
sents  evidence  justifying  each  step  of  the  assay  procedure  and  the  use  of  a 
relaxin  reference  standard. 

M.\TERI.ALS  .\\D  METHODS 

.\.  Animals.  Swiss  albino  virgin  female  mice,  weighing  18-20  gin.  are  used  for  bio- 
assaj'.  Gentle,  rai)i(lly  growing  mice  are  superior  to  slow  weight-gainers  and  inherently 
nervous  strains.  Several  commercially  available  strains  have  been  found  satisfactory  for 
assaj’  purposes.-  The  mice  are  maintained  uncrowded  in  groups  of  ten  ])er  bo.x,  fed  Rock¬ 
land  blouse  Diet  supplemented  with  whole  oats  twice  per  week,  and  allowed  water  ad 
lihitum. 

B.  Injections.  Estradiol  cyclopentylpropionate^  is  diluted  with  peanut  oil  and  in¬ 
jected  subcutaneously  in  a  dose  of  5  jug./O.l  ml.  to  prime  mice  for  assaj’  use. 

Relaxin  extracts  are  routinelj-  administered  subcutaneously  in  0.2  ml.  of  1%  L-.3{)0 
(benzopurpurine  4B),  an  azo  dye  repositorj-  agent.  Other  vehicles  studied  include  0.9% 
saline,  5%  beeswax  in  i)eanut  or  sesame  oil,  0.5%  Evans  Blue  Dje,  20%  polyvinvl- 
jiyrrolidone  (PVP),  20%  gelatin  and  4%  polj-phloretin  jihosphate. 

C.  Equipment.  X  binocular  dissecting  microscope^  is  outfitted  with  a  calibrated 
ocular  micrometer  and  transilluminator  (13).  The  transilluminator  consists  of  a  “E- 
shaped”  Incite  rod  which  jjrotrudes  through  the  stage  to  jiresimt  its  beveled  tip  directlj' 
lieneath  the  objective.  The  light  source  used  is  a  standard  Nicholas  illuminator. 

\.  .1.  Barckmann  &  Son,  Barnegat,  N.  J.,  Taconic  Farms,  Germantown,  N.  Y. 
-Manor  Farms,  Staatsburg,  N.  Y.,  Green  Hills  Farms,  Jeffersonville,  N.  Y.,  Flanders 
Farms,  Flanders,  N.  J. 

’  Depo®  Estradiol,  Upjohn. 

*  Bausch  and  Lomb  Model  BKT-5  Stereomicroscope. 
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D.  General  Procedure.  All  mice  receive  a  single  subcutaneous  injection  of  5  /xg-  of 
estradiol  eyelopentjMpropionate  in  0.1  nil.  of  peanut  oil  on  daj’  0  (7  days  jirior  to  the 
desired  assay  day). 

Ri'laxin  preparations  are  injected  subcutaneously  on  day  7.  Eighteen  to  twenty-four 
hours  later,  mice  are  killed  by  exposure  to  an  atmosphere  of  COo.  The  mice  are  weighed 
and  the  abdominal  cavity  is  opened.  Mice  weighing  less  than  19  gm.  or  exhibiting  thread¬ 
like  uteri  (failure  of  estrogen  priming)  are  discarded.  The  vulval  and  anal  areas  are  cut 
away,  and  the  upper  half  of  the  body  is  cut  off  to  prevent  bleeding  into  the  pelvic  area. 
The  bony  birth  canal  is  freed  of  skin,  vagina  and  rectum,  and  the  sympln-sis  pubis  is  ex¬ 
posed  for  measurement. 

The  pelvis  is  positioned  on  the  transilluminator  so  that  the  tip  of  the  Incite  rod  passes 
a  beam  of  light  vertically  through  the  exposed  pubic  ligament,  as  illustrated  in  Figure  1. 
The  feet  arc  grasped  between  the  thumbs  and  index  fingers,  and  a  slight  lateral  traction 
is  applied.  (The  ligaments  do  not  stretch,  but  may  tear  if  too  much  traction  is  used.)  .\ 
micrometer  reading  is  made  of  the  shortest  distance  between  the  edges  of  the  i)ubes. 
Measurements  are  accurate  to  +0.0375  mm.  Micrometer  readings  are  converted  to  mm. 
.\n  experienced  operator  can  dissect  and  measure  at  a  rate  of  approximately  3  mice  per 
minute. 

E.  Relaxin  Reference  Standard.  In  1955,  a  130  gm.  lot  of  purified  relaxin  was  set  aside 
as  a  reference  standard.  This  material  asaayed  150  guinea  pig  units/mg.  by  old  criteria 
of  the  guinea  pig  pubic  symphysis  palpation  method  (2,  13).  The  standard  was  designated 
Warner-Chilcott  Relaxin  Reference  Standard  W1164-.\,  Lot  8.  This  standard  has  also 
been  referred  to  bj'  its  old  laboratory  number,  B-37-348/8ala  (18,  19). 

F.  Routine  Assay  Procedure.  A  six  point  balanced  assay  design  is  generall}’  employed, 
using  twenty  estrogen-primed  mice  for  each  of  3  dilutions  of  S  (relaxin  reference  stand¬ 
ard)  and  U  (unknown).  In  practice,  it  has  become  advantageous  to  run  2  or  more  un¬ 
knowns  concomitantly  with  the  standard.  Thus,  180  to  240  mice  are  usually  primed  for 
each  assay  day. 

1.  Single  s.c.  injections  of  S  and  U  are  administered  in  0.2  ml.  of  a  1%  L-390  (Benzo- 
purpurine  4B)  solution. 

2.  Dose  levels  are  two-fold  apart.  U  doses  are  adjusted  to  approximate  responses  to 
S,  after  preliminary  assay. 

3.  Responses  are  estimated  from  the  mean  pubic  ligament  length  for  each  grouj)  and 
plotted  against  dose  administered,  on  a  semilogarithmic  scale. 

4.  Statistical  analyses  are  performed  according  to  the  methods  of  Bliss  (20)  and 
Snedecor  (21).  The  calculated  potency  of  U  is  expressed  in  terms  of  mg.  equivalents  to 

S.  Limits  of  error  of  the  potency  estimate  should  fall  within  minus  33%  and  plus  50% 
at  the  95%  confidence  level  for  an  acceptable  assay. 

RESULTS 

Repository  vehicle.  Approximately  oO  compounds  and  formulations  were 
tested  for  repository  effectiveness  with  relaxin.  Dose-response  curves  ob¬ 
tained  with  a  few  of  the  active  agents  are  shown  in  Figure  2.  Physiological 
saline  proved  to  be  an  inefficient  vehicle  for  relaxin  injection.  A  100-300- 
fold  increase  in  dose  was  required  to  produce  a  strong  response  when  the 
hormone  was  administered  in  saline  rather  than  in  beeswax-oil  or  in  L-390. 

1%  L-390  and  5%  beeswax  in  peanut  oil  have  been  adopted  as  the  most 
useful  vehicles  in  terms  of  steepness  of  slope  and  reduction  of  relaxin  dose. 
The  rate  of  interpubic  ligament  elongation  was  e.stimated  by  sacrificing 
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Fig.  1.  Triinsilluminatod  mouse  pubic  symphysis  as  viewed  tiirough  iiinoeular  dissect¬ 
ing  scope  at  13  X  magnification.  (A)  Mouse  primed  with  5  pg.  estraiiiol  cyclopentyl- 
oropionate  8  days  previously.  Ligament  length  was  0.30  mm.  (B)  blouse  jirimed  with  5 
ug.  estradiol  cj-clopentypropionate  8  da3’s  previoush',  and  treated  with  3.3  /xg.  relaxin 
dandard  in  1%  L-390  on  day  7.  Ligament  length  was  1.72  mm. 
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_ L-390  BENZOPURPURINE  4B  1% 

- T-1824  EVAN'S  BLUE  05% 

- 5%  BEESWAX  IN  OIL 

- POLYPHLORETIN  PO^  4% 

- POLYVINYLPYRROLIDONE  20% 

. GELATIN  20% 

- SALINE  0  9% 


500  1000  2000 


L _ _ _  _  JJG  RELAXIN  REFERENCE  STANDARD.  _ 

P'lG.  2.  Composite  gniph  showing  influence  of  vehicle  on  mouse  pubic  symphysis  re¬ 
sponse  to  relaxin.  Eaeli  i)oint  represents  average  ligament  lengths  of  10-20  mice.  All 
mice  prinu'd  with  o/ig.  estradiol  eyeloiientylpropionate  on  day  0.  Kela.xin  injected  day  7. 
Vehicles  alone  did  not  influence  ligament  lengths,  and  control  line  was  drawn  from  aver¬ 
age  of  all  controls  (5-10  mice  per  vehicle). 


groups  of  mice  at  various  time  intervals  following  a  single  injection  of  re¬ 
laxin  in  saline  .solution  or  1%  L-890  (Fig.  8).  The  doses  .selected  for  each 
vehicle  were  approximately  equivalent  in  terms  of  24-hour  total  respon.se. 
Jvigament  formation  occurred  at  a  rather  uniform  rate  after  injection  of 
relaxin  in  saline.  When  the  hormone  was  administered  in  L-890,  only  slight 
elongation  was  ob.served  to  occur  prior  to  the  12th  hour  after  injection.  This 
was  succeeded  hy  extremely  rapid  lengthening  during  the  next  three  hours. 
With  either  vehicle,  ligament  formation  appeared  to  he  complete  hy  the 
18th  hour.  (Fully-formed  ligaments  have  not  been  observed  to  regress  for 
periods  up  to  192  hours  after  injection  (18).) 

Factors  affecting  the  absohde  response  of  the  mouse  interpnbic  ligament 

Colony  sensitivity.  The  sensitivity  of  the  mouse  pubic  symphysis  re¬ 
sponse  to  relaxin  may  vary  .sea.sonally  (Fig.  4).  The  cau.se(s)  of  reduced  re- 
.sponsiveness  has  not  been  identified.  However,  the  yearly  pattern  demon¬ 
strated  the  fallacy  of  relying  on  a  response  unit.  Thus,  in  terms  of  absolute 
“mouse  units,”  the  relaxin  reference  standard  “lost”  80-40%  of  its  activity 
during  the  period  January-March  1957,  “gained”  activity  through  Decem¬ 
ber  1957,  then  “lost”  or  “gained”  significantlv  depending  upon  strain  used 
(Fig.  4). 
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P'lG.  3.  Elongation  of  interpubic  ligament  following  a  single  injeetion  of  relaxin  in 
O.S5%  saline  or  1%  L-390.  All  mice  primed  with  5  mS-  estradiol  eyelopcntylpropionate 
day  0.  Relaxin  was  injected  day  7,  and  groups  of  mice  were  saerifieed  for  interpubic  liga¬ 
ment  measurement  at  the  time  intervals  indicated.  10  controls  were  injected  with  0.2 
ml.  saline  and  10  controls  received  0.2  ml.  1%  L-390.  Control  lines  rejiresent  average  and 
standard  error  of  the  two  groups. 

Body  weight.  (lain  in  body  weight  between  tlie  time  of  e.strogen  priming 
ami  .sacrifice  may  also  influence  alisoliite  respon.se  to  a  given  dose.  In  a 
typical  experiment,  mice  were  divided  into  different  weight  groups  at  the 
time  of  relaxin  injection.  Only  §  of  the  mice  weighing  less  than  22  gm.  re¬ 
sponded  to  the  hormone,  thereby  reducing  the  mean  ligament  length  for 
the  group  (Table  1).  In  the  usual  assay  group,  mice  weigh  22-26  gm. ; 
stunted  animals  are  always  discarded. 

Extrogenization.^  Inadequate  estrogenization  will  reduce  responsiveness 

®  Despite  the  small  cj  clical  variations  in  interpubic  ligament  lengths  of  adult  female 
mice  noted  by  Kliman  and  Salhanick  (32),  the  unprimed  mouse  does  not  respond  to  low 
doses  of  relaxin  (see  Table  2).  Thus,  the  estrogen  required  for  pubic  symphysis  responses 
to  lou'  doses  of  relaxin  is  apparently  far  in  excess  of  normal  production  of  the  mouse 
ovary.  In  fact,  the  presence  or  absence  of  steroid-producing  organs  is  irrelevant  to  the 
ligament  response  to  small  doses  of  relaxin  (e.g.,  6.7  mK-)  in  mice  primed  with  5  |ig. 
ECP: 


Operation 

Treatment 

.V 

Ligament  length, 
rnrn.  ±  S.E. 

None 

Relaxin,  6.7  Mg- 

20 

2.39+0.22 

Ovariex 

Relaxin,  6.7  Mg- 

11 

2.14+0.08 

.\drcnalex  (salt  maintained) 

Relaxin,  6.7  Mg- 

10 

2.45+0.22 

None 

None 

10 

0.55±0.08 

When  no  exogenous  estrogen  is  administered,  massive  doses  of  relaxin  (e.g.,  1-5  mg.) 
ire  required  to  induce  ligament  formation. 


INTERPUBIC  LIGAMENT 
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Fig.  4.  .Sca.sonal  variations  in  rospon.sivcncss  of  mice  to  Warner-Chilcott  relaxin 
standard  (“S”)  WlKidA,  Lot  8.  Numbers  in  parenthesis  refer  to  number  of  assays.  .Vs 
ai)proximately  60  mice  were  emi)loyed  for  eacli  assay,  the  total  number  of  mice  used  for 
establishing  a  single  curve  maj'  easilj'  be  calculated  by  multij)lying  the  number  in  paren¬ 
thesis  by  60  (e.g.,  GHF,  .Vpril-Dec.,  1957,  30X60  =  1,800  mice).  Direct  statistical  anal¬ 
ysis  was  not  attempted  because  of  the  formidable  numbers  of  animals.  However,  a 
reasonably  accurate  statistical  prediction  was  made  on  the  basis  of  routine  assay  analy¬ 
sis.  Limits  of  error  at  p  =  0.95  would  be  +  15%  using  308  mice,  +  10%  with  686  mice  ami 
±5%  with  2,745  mice.  For  comparison  of  any  two  curves,  one  can  thus  estimate  the 
probable  combined  assay  error  by  totaling  the  number  of  assa3's  and  multiph  ing  bj’  60 
to  obtain  A’.  The  limits  of  error  maj*  then  be  estimated  from  the  predictions  shown  above*, 
“m.u.”  refers  to  a  hj-pothetical  mouse  unit,  or  the  dose  of  relaxin  necessarx'  to  produce  a 
ligament  length  of  1.55  mm.  (midpoint  of  curve,  Januarj'  1956). 


of  mice  to  relaxin.  (Jroups  of  mice  were  primed  with  graded  do.se.s  of  I'iCP 
in  peamit  oil,  or  peanut  oil  alone.  Seven  day.s  later,  all  animals  received  6.7 
/Lig.  of  relaxin  in  1%  L-390.  Mice  were  sacrificed  24  hours  later,  and  inter- 
puhic  ligament  lengths  and  uterine  weights  were  recorded.  5  mK-  of  ECP 
was  observed  to  be  the  optimal  priming  dose  (Table  2).  Uterine  weight  in- 
crea.se  paralleled  interpubic  ligament  length,  thus  offering  another  criterion 

T.XBLE  1.  IXKI.I  EXCE  OF  BODY  WEIGHT  OX  RESCOXSE  TO  6.7  fiO.  RELAXIN 
IN  ESTROGEN  PRIMED  MICE 


Body  wt.  grouj) 


<22  gm. 

19 

1.48  ±0.37 

32% 

22  gm. 

35 

2.03+0.15 

3% 

23  gm. 

36 

2.36+0.13 

3% 

>23  gm. 

21 

1 

:  2.5110.12 

0% 

No.  of  mice 


Interpubic  ligament 
length,  mm.  ±S.K. 


%  non-res])on(lers 
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Table  ‘2.  Effect  of  estroc.ex  primino  ox  mofse  pubic  symphysis  response  to 
6.7  nO.  RELAXIX  REFERENCE  .STANDARD  IN  0.2  ML.  1%  E-OOO* 


Dose  of  estradiol 
eyelopeiitylpropionate, 
Mg./t).2  nil.  peanut  oil 

i 

Xo.  of  mice  | 

I’terine  \vt. 
nig.  ±S.E. 

Intel  pubic  ligament 
mill.  ±S.E. 

0 

18 

40+4 

0.20+0.0:{ 

1  .25 

18 

127+  0 

i  1.40+0.17 

2.50 

20 

142+  6 

2.15+0.20 

5.00 

10 

182  +  10 

2.6:1+0.16 

10.00 

18 

178+  6 

2.12+0.20 

*  Estrogpii  injpfted  day  0,  relaxin  injected  day  7. 


for  assay  eligibility.  Therefore,  mice  which  exhibit  threadlike  uteri  (an  in¬ 
dication  of  priming  failure)  at  autopsy  are  always  discarded  without  expos¬ 
ing  the  pubic  symphysis.  While  it  has  not  proved  necessary  to  run  estrogen 
controls  (primed  mice  receiving  only  vehicle)  with  every  assay,  it  is  im¬ 
portant  to  make  periodic  checks  on  control  ligament  lengths.  The  lowest 
dose  of  relaxin  used  should  induce  approximately  a  2-fold  increa.se  in  liga¬ 
ment  length  over  estrogen  controls  (Table  3). 

Strain.  Many  commercial  strains  of  mice  have  been  used  successfully  for 
relaxin  bioassay.  The  yearly  variations  in  these  animals  (Fig.  4)  make  it 
unwi.se  to  attribute  to  heredity  bizarre  re.sults  occasionally  obtained  with 
sample  mice  from  other  svippliers. 

Spccijicity.  Only  relaxin-containing  preparations  induced  interpubii* 
ligament  formation  in  mice  under  the  conditions  described.  Control  tests 

Table  d.  Comparison  of  control  and  relaxin-inflcenced 


Lir.AMKNT  LE\(;THS  I.\  ESTHOfJEX  PRIMED  MICE 

Relaxin  dose,  /ug.,  in  0.2  ml.  1  %  L-:i00 

0 

1  .(i7 

:5.;i 

6.7 

0.4810.10 

1 .01  +0.  i:i 

1  .81  +0.10 

2.4:1+0.20 

(6) 

(20) 

(20) 

(18) 

0.67  +0.25 

0.08+0.08 

1  .:i5  +  o.  12 

2.06+0.  i:i 

tO) 

(20) 

(20) 

(20) 

0.74  +0.18 

1.50+0.18 

1  .00+0.24 

2.40+0.17 

(0) 

(10) 

(20) 

(20) 

£ 

0.4510. 14 

0.00+0.24 

1  .70+0.10 

2.10+0.1:1 

(10) 

(20) 

(20) 

(20) 

0.55+0.07 

0.06+0.08 

1  .42  +0.10 

2.05+0.18 

(10) 

(10) 

(10) 

(10) 

r 

0.5010.10 

0.08+0.07 

1  .6:1+0.12 

2.06+0.05 

5 

(10) 

(20) 

(10) 

(10) 

0.50+0.06 

1 .00+0.08 

1  .58+0.12 

2.07+0.12 

(10) 

(20) 

(20) 

(20) 

0.62+0.14 

1  .22  +  0.10 

1  .80  +0.2:1 

2.28+0.2:1 

(0) 

(10) 

(16) 

(17) 

no 
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Table  4.  Specificity  of  3  methods  of  relaxix  bioassay  responses 
(0  =  No  effect;  +  “POSITIVE;  —  “inhibits  relaxix  effect) 


Preparation  ^ 

Interpubic 
ligament 
formation  , 

in  mice 

Relaxation  of  | 
guinea  pig  pubic  | 
symphysis  | 

Inhibition  of 
estrous  mouse 
uterine  motility 
in  ritro  j 

Remarks 

Relaxin 

1 

+ 

+ 

+  1 

Sources  of  relaxin — pregnant  rabbit 
serum,  swine  ovaries 

17j^stradiol  | 

0(±)* 

0(-|-)« 

!  "  1 
1 

IT^-estradiol  induces  bone  resorption 
and  'or  ligament  effects  upon  prolongc^d 

1  administration.  No  effect  in  usual  test 

1  interval  for  guinea  pigs  and  mice 

Progesterone  j 

0  (-)»■« 

!  o(-i-)« 

1  + 

'  Progesterone  induced  endogenous  for- 
1  mation  of  relaxin  in  guinea  pigs.  No 

1  effect  in  usual  test  interval 

DCA  < 

1  0  ( -)« 

!  o(-f-)« 

j  Not  tested  , 

1  Simitar  to  progesterone 

Cortisone  | 

0(-)« 

1  Not  tested 

1  Not  tested 

1 

Klastase 

0 

i  « 

1  +  (atypical) 

1 

(ionadotrophins  (pi¬ 
tuitary  or  chorionic) 

0  (-)« 

0  (+)* 

1  0 

1 

1  Gonadotrophins  relaxed  guinea  pig 

1  symphj-sis  pubis  after  prolonged  admin- 
!  istration.  No  effect  in  usual  test  interval 

Growth  Hormone 

i  " 

Not  tested 

j  Not  tested 

.W'TH 

:  0  ( -)« 

!  Not  tested 

Thyroid  Hormone 

1  0  (-!-)« 

1 

j  Not  tested 

j  (J 

j  Pretreatment  with  desiccated  thyroid 
enhanced  mouse  pubic  symphysis  re¬ 
sponse  to  injected  relaxin 

Relaxin-type  extract 

of  boar  testis 

1 _ 

1  ” 

j  0 

♦  Parehtheses  indicates  poasible  rpsuH  under  experimental  conditions  different  from  those  used  for  assay.  Unless 
indicated  by  reference,  data  were  obtained  by  the  authors  and  is  unpublished. 


and  comparison  with  the  specificity  of  the  guinea  pig  symphysis  pubis  and 
uterine  motility  methods  are  summarized  in  Table  4. 

Typical  assay  results.  Figure  5  illustrates  dose-response  curves  and  statis¬ 
tical  evaluation  of  a  typical  mouse  assay.  The  relaxin  reference  standard 
W 11 64 A,  Lot  8  (S),  and  unknown  Lot  14426  (U),  were  injected  in  0.2  ml. 
of  1%  L-390.  Lot  14426  had  been  .sterilized  by  filtration  and  vialed  at  a 
theoretical  activity  of  20  mg.S/ml.  based  on  previous  bioassay  of  its  con¬ 
stituent  powder.  The  ob.served  potency  of  Lot  14426  was  22.8  mg.S/ml. 

Table  5  illustrates  the  bioassay  of  WH64-34,  Lot  0729,  a  vialed,  steril¬ 
ized  repository  suspension.  This  assay  represents  the  maximum  precision 


Table  5.  Mouse  pubic  licamext  bioassay  of  releasix  respiratory  suspension- 
\Vl  164-35,  lot  0729  (T)  vs.  relaxix  reference  standard  \Vll64-.\,  lot  8  (S) 


Preparation 

No.  of  mice 

I  Dose,  mg.  or 

ml. /mouse 

.\v.  ligament  length, 
mm.  ±S.E. 

S  j 

20 

1  .67  mg. 

1.25+0.12 

H  1 

19 

3.33  mg. 

1  1.88+0.11 

S 

20 

6 . 67  mg. 

1  2.81  ±0.13 

V 

21 

1/12,000  ml. 

1.16+0.10 

V 

21  1 

1/  6,000  ml. 

1 .73+0.12 

u 

i  _ J 

1/  3,000  ml. 

3.14±0.13 

Mean  oliserved  potency  of  U:  20.4  mg.S/ml. 

Range  of  potency  (at  P=0.95):  17.5-23.7  mg.S/ml. 
Limits  of  error  (at  P=0.95):  86-116% 

S=0.527  b=2.95  X=0.179 
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Fig.  5.  Hioassay  of  .stcrilo-vialcd  rolaxin  (Rcloasiii^)  solution  \V-1  l()4-;i,  Lot  14421).  120 
mico  WTH'  equally  divided  among  3  dose  levels  eaeh  of  Standard  and  I  nknown.  l)  =  sloi)(‘, 
s  =  standard  error  of  tlie  assay,  X  =  inde.\  of  prevision  (s/b). 


thus  far  olitained  with  the  mouse  metliod.  Table  0  lists  results,  reproduci¬ 
bility  and  statistical  evaluations  of  9  mou.se  assays  performed  in  duplicate. 
The  greatest  discrepancy  between  potency  estimates  of  duplicate  assays 
was  1()%  (not  .significant).  The  average  replicate  value  for  the  9  assay.s  was 
1)1%. 

Figure  (i  illustrates  the  di.stribution  of  lambda  values  obtained  in  21  com- 
plete  a.ssays  of  powders  and  vialed  solutions.  Lambda  was  observed  to  be 
0.3  or  less  in  §  of  the  assays. 


Fig.  ().  Distribution  of  liimbdn  values 
ii  21  mouse  assays.  In  two-thirds  of  the 
ii"<ays,  lambda  was  0.30  or  less,  s  and  b 
u'e  defined  in  Figure  n. 


025  030  0  35 


X 
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Table  6.  Resilts  of  dlplicate  mouse  assays  of  relaxin-containixu.  extrauts 
AGAINST  REFERENCE  STANDARD  \V1U>4-A,  LOT  8 


Type  of  preparation  | 

Total  j 

Poteney  of  1', 
mg.  S/ml.  or  mg.  ] 

Limits  of  error, ; 
%  at  P=0.95  ' 

\ 

Sterile  Vialed  Solutions;  1 
Lot  22907  a)  ! 

1 

118  1 

24.2 

79-127 

0.28 

b) 

112  1 

20.0 

81-124 

0.24 

Lot  2,t:U)7  a)  i 

120  1 

28.8  i 

82-128  i 

0.24 

h) 

120  1 

20.0  1 

70-181  I 

0.82 

Lot  247.57  a)  I 

119 

21.2 

71-141 

0.41 

h)  ' 

120 

19.8 

80-125 

0.27 

\Vll()4-:i.5 

Lot  0729  a) 

118 

19.8  1 

84-119 

0.21 

h) 

120 

20.4  ’ 

80-110 

0.18 

Powders: 

1  ' 

M-9714  a) 

121 

1.48 

74  185  1 

0.80 

b) 

117 

1  .51 

78-129  ' 

0.81 

M-8():i0  a) 

i  117 

;  0.88 

80-124 

0.25 

b) 

1  115 

j  0.74 

I  77-181 

0.80 

M-4:i  (low  a) 

I  158 

!  0.18 

81-124 

0.29 

jiotent)  h) 

89 

1  0.12 

71-141 

1  0.88 

Relaxin  Referenee  Stand¬ 
ard  \Vllt)4-.\,  Lot  8 

'  128 

1.12 

,  77-180 

j  0.81 

.\s  above,  but  with  added 
iion-preRnant  sow  ovarian 
tissue  (2. .5  ni({./0.2  ml.) 

1  189 

1 

i 

0.97 

!  80  125 

'  0.20 

DISCUSSION* 

The  mouse  interpiibic  ligament  direct  measurement  technique  provides  a 
rapid,  objective  and  practical  method  for  the  assay  of  relaxin  preparations. 
Laboratory  personnel  rapidly  develop  proficiency  in  dissection  and  meas¬ 
urement  of  the  pubic  ligament.  No  unusual  or  elaborate  equipment  is  re¬ 
quired  to  conduct  the  assay. 

All  guinea  pig  palpation  methods  described  (2,  3,  13)  have  a  marked  ele¬ 
ment  of  subjectivity.  This  factor  becomes  increasingly  dangerous  when  in¬ 
vestigators  abandon  the  typical  “mushy”  or  “foam  rubber,”  late  preg¬ 
nancy-type  of  pubic  symphysis  as  the  prototype  response,  and  attempt  to 
“refine”  the  assay  by  classifying  small  “click”  responses  as  positive.  Ii 
addition  to  this,  the  sensitivity  of  individual  animals  in  a  colony  varie^ 
from  week  to  week  (29),  requiring  careful  randomization  procedures.  It  i^ 
absolutely  necessary  that  unknowns  be  coded,  and  that  a  standard  be  rui 
concomitantly.  Palpation  of  the  symphysis  pubis  should  be  performed  in¬ 
dependently  by  at  least  two  operators.  When  such  precautions  are  taken 
reproducible  and  statistically  valid  results  may  be  obtained  when  60-12( 
guinea  pigs  are  equally  divided  between  two  or  three  dose  levels  each  o 
Standard  and  Unknown  (13).  Such  numbers  and  precautions  have  no 
been  reported  as  used  by  investigators  other  than  Kroc  ct  a\.  (13). 
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Inhibition  of  uterine  motility  in  vivo  or  in  vitro  has  served  as  a  measure  of 
lelaxin  activity.  However,  only  Wiqvist  and  Paul  (12)  have  published 
Tatistically  meaningful  data.  These  authors  have  drawn  attention  to  the 
objective  element  in  their  evaluation  of  responses.  Kroc  et  at.  (13)  pre- 
ented  a  similar  in  vitro  assaj'  in  which  the  dosing  schedule  permitted  more 
•bjective  comparison  of  re.sponses  to  Standard  and  Unknown.  In  vivo  in- 
libition  of  uterine  motility  in  guinea  pigs  described  by  Felton,  Frieden  and 
Iryant  (9)  yielded  only  qualitatively  meaningful  data  in  our  laboratory 
B.  G.  S.,  unpublished  results).  Felton  and  associates  (9)  have  not  published 

statistical  evaluation  of  their  method. 

The  mouse  pubic  symphysis  type  of  assay  offers  a  completely  objective 
iieasure  of  response  and  has  the  additional  advantages  of  simplicity  and 
wcificity.  The  advantages  of  direct  measurement  over  x-raj-  techniques 
iiclude  speed  and  accuracy.  X-ray,  however,  permits  the  use  of  pre-treat¬ 
ment  control  measurements  in  individual  animals  (7,  8),  whereas  separate 
( ontrol  groups  must  be  run  in  the  direct  measurement  method.  This  is  not 
it  serious  handicap,  as  the  linear  portion  of  the  dose  response  curve  is  suffi¬ 
ciently  long  to  permit  the  use  of  minimum  doses  of  relaxin  which  still  in¬ 
crease  the  interpubic  ligament  length  by  a  factor  of  2  versus  estrogen- 
primed  control  mice. 

The  single  dose  of  5  Mg-  of  estradiol  cyclopentylpropionate  for  estrogen 
jiriming  is  simpler  than  the  daily  injections  of  17/3-estradiol  used  by  Kliman 
rt  al.  (7,  8,  17).  In  addition,  greater  sensitivity  to  relaxin  is  obtained  using 
Die  repository  estrogen  rather  than  the  free  alcohol  of  estradiol.  Kliman  et 
al.  (7)  found  it  necessary  to  inject  mice  daily  for  23  days  with  17/3-estradiol 
to  obtain  a  sensitivity  comparable  to  that  found  with  the  cyclopentyl¬ 
propionate  7  da3’s  after  a  single  injection.  Single  injections  of  other  long- 
acting  estrogens  .such  as  estradiol  valerate  or  estradiol  dipropionate  have 
been  used  successful!}'  for  priming  mice,  but  diethylstilbestrol  was  ineffec¬ 
tive,  even  when  used  in  depot  form  or  administered  dailj’  in  the  drinking 
water  (unpublished  data). 

The  importance  of  a  repository'  vehicle  for  relaxin  injection  in  mice  was 
demonstrated  by  Kliman  and  Greep  (17).  The  selection  of  1%  L-390  (ben- 
zopurpurine  4B)  as  the  vehicle  of  choice  for  routine  assay  was  derived  from 
an  extensive  screening  of  adjuvants  and  hy  aluronidase  inhibitors  in  our 
laboratories. 

High  and  low  potent  and  crude  and  purified  relaxin  extracts  have  been 
iiioassay  ed  against  the  same  reference  standard  by'  the  mouse  and  guinea 
pig  methods  (13,  and  data  to  be  published  elsewhere).  The  excellent  agree¬ 
ment  of  potency  estimates  obtained  indicates  that  both  methods  mea.sure 
the  same  type  of  activity,  and  argues  against  the  postulates  of  qualitatively 
d  fferent  “mouse”  and  “guinea  pig”  relaxins  (8).  Kliman  and  Greep  (17) 
li  ive  reached  a  similar  conclusion.  Data  obtained  by  Wiqvist  and  Paul  (12) 
a  )d  by  Kroc  et  al.  (13)  suggest  that  “uterine  relaxing  factor”  activity' 
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closely  parallels  (and  is  probably  identical  with)  pubic  symphysis  relaxin 
activity,  when  preparations  are  assayed  against  the  same  reference  stand¬ 
ard  by  mouse  or  guinea  pig  pubic  symphysis  assays,  or  l)y  uterine  motility 
inhibition  methods.  Reports  of  partial  separation  of  “uterine  relaxing 
factor”  from  relaxin  activity  (30,  31)  are  unconvincing  because  of  failure 
of  the  authors  to  use  a  reference  standard  or  present  statistical  analyses  of 
their  bioassay  data. 
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BIOLOGK'AL  ACTIVITY  OF  C-9  AND  C-11  SUBSTITUTIT) 
DERIVATIVES  OF  A^-ANDROSTEXP:-3,17-DIONEi 


EUGENIA  ROSEMBERG,  ADELINE  S.  DORFMAN 
ANT)  RALPH  1.  DORFMAN 

W'orceskr  Foundation  for  Experimental  Biology,  Shrewsbury,  and 
Worcester  State  Hospital,  Worcester,  Massachusetts 

ABSTRACT 

Tito  elocirolyto,  amlrogonic,  and  utorotrophio  activities  of  9a-cliloro-ll((i- 
hydrox}  -A^-an(lrostone-3,17-dione,  9a-bromo-l  l/3-hydrox}  -A^-androstene-3,17- 
dione,  9a,n/^-tl*l>y‘l*’f>xj’-A^-androstono-3,17-dione,  and  9|d,l  li(3-oxido-AMlndro- 
stone-3,17-diono  are  reported.  All  four  compounds  showetl  sodium  excreting  ac¬ 
tivity  at  varying  dose  levels  and  of  varying  intensities.  The  chloro  and  oxido 
derivatives  exhibited  potassium  excretion,  the  former  being  more  active.  All 
four  steroids  were  essentially  inactive  as  androgens  when  inuneted  on  the 
chick’s  comb  while  one  steroid,  the  chloro  derivative,  showed  a  small  but 
significant  uterotrophie  effect  in  the  mouse. 

WE  HAVE  described  various  biological  effects  of  9a-fluoro-ll|3- 
hydroxy-A^-androstene-8,17-dione  (1).  Of  these,  the  most  striking 
was  the  ability  of  this  steroid  to  retain  sodium  in  adrenalectomized  rats. 
Recently  Selye  (2)  has  demonstrated  that  this  compound  has  life  maintain¬ 
ing  activity  in  the  adrenalectomized  rat.  We  have  now  had  the  oppor¬ 
tunity  to  extend  these  studies  as  a  result  of  the  availability  of  additional  re¬ 
lated  steroids  including  the  9a-chloro,  9a-bromo,  and  9a-hydroxy  deriva¬ 
tives  of  ll(3-hydroxy-A‘‘-androstene-8,17-dione,  as  well  as  the  9/3,11/3- 
epoxide  of  A^-androstene-3,17-dione.-  These  steroids  have  been  studied  for 
their  effects  on  sodium  and  potassium  balance  in  the  adrenalectomized  rat, 
androgenic  activity  in  the  chick,  and  uterotropic  activity  in  the  immature 
mouse. 

METHODS 

The  electrolyte  activity  was  measured  by  a  modification  of  a  previously  described 
method  (3).  .Vdrenalectomized  male  rats  weighing  between  135-150  gm.  received  :i 
sodium  chloride  load  of  45  mg.  administered  intraperitoneally  together  with  the  test 
material  administered  subcutaneously.  Trine  was  collected  for  6  hours  and  sodium  and 
potassium  were  determined  by  a  flame  photometer  (Perkin-Elmer  Model  52-C),  usiii}, 
lithium  as  an  internal  standard.  Each  bioassay  consisted  of  solvent  controls,  deox3-corti 

Received  Januar.v  20,  1960. 

‘  .Supported  in  part  bj-  T.S.P.H..S.  Research  Grant  Xo.  CY-2193  and  bj'  U.  S.  .\tomi< 
Energv  Commission  Contract  Xo.  .\T(30-1  )-918. 

*  These  compounds  were  generouslv  supplied  bj-  Dr.  .Seymour  Bernstein,  Lederl 
Laboratories,  Pearl  River,  X.  Y. 
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■osterone  standards,  and  the  unknown  run  in  parallel.  Androgenic  activity  was  deter¬ 
mined  by  application  of  the  test  material  dissolved  in  oil  or  absolute  alcohol  directly  to 
he  male  White  Leghorn  chick’s  comb  (5).  The  test  material,  in  parallel  with  the  solvent 
ontrol  and  standards,  was  applied  once  daily  in  0.05  ml.  of  solution  for  7  da^’s.  Twent}’- 
our  hours  after  the  last  application,  comb  weights  and  body  weights  were  determined. 
The  results  are  e.\i)ressed  as  the  ratio  of  mg.  comb/gm.  of  botly  weight.  Uterotrophic  ac- 
ivity  was  determined  in  immature  Swiss  .\lbino  mice  (4).  The  test  material,  standard, 
nd  solvent  control  were  administered  once  daily,  in  0.1  ml.  of  corn  oil,  for  three  days, 
terine  and  bodj"  weights  were  determined  24  hours  after  the  last  injection  and  the  re- 
ults  e.xpressed  as  mg.  uterus  gm.  of  bod\'  weight.  .\t  autopsy  the  animals  were  24  to  27 
ays  of  age. 

RESULTS 

Data  on  tlie  ability  of  the  test  materials  to  influence  electrolyte  metabo- 
ism  are  recorded  in  Tables  1-5.  The  steroid  9a,ll|8-dihydroxy-A^-andro- 
tene-3,17-dione  (Table  1)  had  no  significant  influence  on  potassium 
metaboli.sm  but  a  significantly  (P  =  0.02)  increa.sed  excretion  of  sodium  was 
found  at  the  25  mK-  dose  level.  This  effect  was  not  observed  at  the  higher 
nose  lev'els  of  50  and  100  gg.  When  0(3,1  l/3-oxido-A^-androstene-3,17-dione^ 
was  subjected  to  the  same  assay  procedure,  sodium  excretion  was  ob¬ 
served  at  the  (),  25  and  .50  /xg.  levels  with  a  statistically  (P  =  0.02)  signifi¬ 
cant  result  being  recorded  at  the  0  Mg-  level.  At  the  100  Mg-  dosage  level  the 
sodium  excretion  remained  unchanged.  Potassium  excretion  remained  un¬ 
changed  except  for  a  significantly  increased  excretion  observed  at  the  50 
Mg-  do.se  (P  =  0.01)  (Table  2).  The  re.sults  concerning  9a-chloro-ll/3- 
hydroxy-A‘’-androstene-3,17-dione  illustrate  the  fact  that  this  steroid  has 
no  influence  on  sodium  excretion  while  potassium  excretion  was  observed  at 
three  different  dosage  levels  (Table  -3).  At  the  0  mS-  dose  in  increase  in 
urinary  potassium  was  noted  which  was  not  statistically  significant.  In- 

T.\bi.k  1.  The  inelcexce  of  tta.l  l(3-i)mYi)R(>.\Y-A^-A.\i)RosTEXE-3,17-i)i()NE  o.\ 


SOUIfM 

•AM)  eoT.ASSU  M 

METABOLISM 

Total 

dose. 

Mg. 

No.  of 

r 

rinary  excretion 

Steroid 

adrenal- 

ectomized 

rats 

Volume, 
ml.  ±S.E. 

Na,  mg./ 
100  gin./hr. 
IS.E. 

K,  mg./ 

100  gin. /hr. 
IS.E. 

0 

0 

20 

5. (>±0.4 

1  .5810.09 

1  .02  lO  .OC) 

1  te.soxycortieosteroiie 

(> 

24 

4.310.3 

1  .39+0.12 

1  .20+0.12 

25 

24 

2.0  ±0.2 

0.7810.07 

1  . 1210. 10 

!t(f,  1 1  (3- 1  )ihydroxy-A’-an- 

() 

24 

(>.0+0.5 

2.07  +0.13 

1  .0()+()..5() 

ih  i).stene-3, 1 7-(lione 

25 

24 

5.8 +0.5 

2.57  ±0.23 

1 .1010.29 

50 

H) 

5.2  +0.4 

1  .89+0.13 

1  .22+0.11 

100 

1(> 

4.310.5 

1  .74  +0.12 

1  .23  ±0.07 

®  9(3,1  l(3-Oxi<lo-ALan(lr()st('nc-3,l  7-(lionc  differh  from  the  other  (’-9  and  C-1 1  sub¬ 
stituted  steroids  de.scribed  in  this  paper  in  that  the  R/C  ring  fusion  is  eis  rather  than 
trails. 
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creasing  the  dosage  to  25  mK-  and  50  /xS-  resulted  in  significantly  increased 
excretions  (P  =  0.05  and  0.01,  respectively).  Only  one  significant  effect  was 
found  for  9a-bromo-ll/3-hydroxy-A^-androstene-3,17-dione,  this  being  in¬ 
creased  excretion  of  sodium  (P  =  0.01)  at  the  50  ng.  level  (Table  4). 


Table  2.  The  influence  of  9^,1  1/3-oxido-A<-androstene-:1,17-dione  on  sodium 

AND  POTASSIUM  METABOLISM 


Total 

dose, 

Mg. 

No.  of 

Urinary  excretion 

Steroid 

adrenal- 

eetomized 

rats 

Volume, 
ml.  +S.E. 

Na,  mg./ 
100  gm./hr. 
IS.E. 

K,  mg./ 

100  gm./hr. 
IS.E. 

0 

0 

16 

6.1  ±0.4 

1  .5810.11 

1 .0010.07 

1  )esoxvcor(icosterone 

6 

16 

4.4 +0.6 

1  ..32+0.20 

0.98+0.13 

25 

14 

2.610.5 

0.7910.16 

0.8810.17 

9/3, 1 1/3-<  )xido-A‘-andro- 

*) 

16 

6. 9+0. 4 

2.08+0.16 

0.99+0.08 

stene-3,17-dione 

25 

16 

6. 2+0. 4 

1 .86+0.12 

0.9910.10 

50 

8 

6.4  +  1 .3 

2.03+0.21 

1.32+0.06 

100 

8 

4.810.6 

1.58+0.09 

1.0410.22 

Table  3.  The  influence  of  9a-CHLORO-ll(3-HYDROXY-A‘-ANDROSTENE-3,17-DIONE  ON 
SODIUM  AND  POTASSIUM  METABOLISM 


Steroid 

Total 

dose. 

Mg. 

No.  of 
adrenal- 
ectomized 
rats 

Urinary  excretion 

Volume, 
ml.  IS.E. 

Na,  mg./ 
100  gm./hr. 
IS.E. 

K,  mg./ 
100  gm./hr. 
IS.E. 

0 

0 

16 

5.910.43 

1  .7510.10 

1  .0610.09 

1  lesoxvcortieosterone 

6 

16 

4.1  +0.6 

1 .34+0.12 

1  .35+0.13 

25 

12 

3.1  ±0.5 

0.8010.08 

1.1910.14 

9a-Chloro-l  1/3-hvdroxv- 

6 

16 

4. 6+0. 5 

1  .,57  +0.16 

1 .65+0.30 

A’-androstene-d,  1 7-dione 

25 

16 

4. 4+0. 4 

1 .60+0.15 

1 .58+0.21 

50 

8 

4. 3 +0.3 

1.89+0.35 

1 .96+0.26 

100 

(i 

5.0+0.12 

1 .40+0.17 

1 .1710.18 

Table  4.  The  influence  of  9a-BROMo-l  1/3-hydroxy-A^-ani)rostene-3,17-dione  on 
SODU  M  AND  POTASSIUM  METABOLISM 


Steroiil 

Total 

dose. 

Mg. 

No.  of 
adrenal- 
ectomized 
rats 

Urinary  excretion 

Volume  / 

ml.  IS.E.  ^‘’VsE.^’'’  “’"+Te.‘”' 

0 

0 

16 

5.710.4 

1 .6310.07 

1 .0310.09 

1  lesoxycorticosterone 

6 

16 

3.910.5 

1.36+0.06 

1.21  ±0.15 

25 

16 

2.610.4 

0.7410.04 

1  .0810.08 

9o-Bromo-l  1/3-hydroxy- 

6 

16 

5.310.6 

1.70+0.15 

1.0010.08 

A*-androstene-3, 1 7-dione 

25 

16 

3.510.2 

1.65+0.13 

1 .1010.13 

50 

8 

6.611 .3 

2.2510.14 

1 .00+0.05 

100 

6 

5.710.10 

1.62+0.10 

0.94+0.09 
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Table  5.  .\ndrogenic  activity  of  C-9 

AM) 

C-11  SUBSTITUTED 

DERIVA- 

TIVES  OF  A^-ANI)R0STENE-3,I7-I)I0NE 

(Inunction  in 

oil) 

Steroids 

Total  dose, 

Mg. 

No.  of 
chicks 

Mean  comb 
ratio  +S.F). 

0 

0 

18 

0.27  ±0.01 

-Aiulrostenc-3,17-dione 

40 

12 

0.01  +0.05 

80 

12 

0.72 +().()() 

Hit) 

12 

0.93+0.00 

d-nvdroxv-A'-androstcnc-3,17-dioiu* 

40 

12 

0.33+0.02 

80 

10 

0.41  ±0.09 

too 

10 

0.49  ±0.04 

■i,  1  ld-Cxitio-A‘'-androstcnc-3, 17-dionp 

40 

11 

0.27+0.02 

100 

13 

0.35  ±0.02 

. -Fluoro- 1  l/3-hvdroxv-A^-androsteiu>-3, 1 7-dionp 

40 

12 

0.34  +0.02 

100 

12 

0.39  ±0.02 

i-Hromo-1  l|3-hydroxy-A^-androstpnp-3,l  7-dionp 

40 

11 

0.33  +0.01 

100 

10 

0.35  ±0.02 

a-Chloro-l  l/3-hydroxy-A^-androstpnp-3,l 7-dionp 

40 

1 1 

0.33  +0.02 

100 

12 

0.32  ±0.01 

iv,  1  l/3-l)ihvdroxv-A‘'-androstpnp-3, 1 7-dionp 

40 

12 

0.38+0.02 

100 

17 

0.37  ±0.02 

The  data  presented  in  Table  5  record  decreased  androgenic  activities  of 
each  structural  modification  of  A^-androstene-3,17-dione.  The  activity  of 
the  parent  compound  is  the  greatest,  the  introduction  of  the  11/3-hydroxy 
group  significantly  lowered  the  androgenic  activity.  Further  substitution  at 
carbon  9,  either  in  the  form  of  a  halogen  or  oxygen,  further  decreased  the 
androgenic  activity  when  studied  by  direct  application  to  the  comb  in  an 
oil  solution.  Two  of  the  compounds  were  studied  by  the  inunction  technic 
using  absolute  alcohol  as  the  vehicle  (Table  6).  Here  again  the  two  com¬ 
pounds,  9a,ll/3-dihydroxy-A^-androstene-3,17-dione  and  9a-chloro-ll/3- 
hydroxy-A^-androstene-3,17-dione,  were  found  to  be  essentially  inactive. 

Uterotrophic  activity  of  the  C-9  substituted  steroids,  as  measured  by  the 
increase  in  uterine  weight,  is  presented  in  Table  7.  The  9a-chloro-ll/3- 
hydroxy-A^-androstene-3,17-dione  showed  a  small  but  significantly  higher 
activity  than  ll/3-hydroxy-A^-androstene-3,17-dione  (1.09  ±0.00  compared 
to  1.34  ±0.09).  The  other  steroids  were  essentially  inactive. 

DISCUSSION 

The  influence  of  C-9  substituent  groups  on  biological  activity  of  11/3- 
hydroxy-A‘‘-androstene-3,17-dione  is  summarized  in  Table  8.  The  most 
striking  effects  of  these  carbon  9  substituted  C19  steroids  are  their  influ- 
erces  on  electrolyte  metabolism.  Neither  A^-androstene-3,17-dione  nor  the 
113-hydroxy  derivative  show  any  significant  effects,  but  addition  of  the 
9(  -fluoro  group  produced  a  compound  with  high  sodium  retaining  activity 
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Table  G.  Androgenic  activity  of  C-9  and  C-11  substitlted  derivatives 
OF  A^-androstene-3,17-dione 
(Inunction  in  absolute  alcohol) 


Steroids 

Total  dose, 
Mg. 

No.  of 
chicks 

Mean  comb 
ratio  ±  S.E. 

0 

0 

19 

().32±0.01 

Androstcrone 

1 

12 

0.47+0.03 

2 

14 

0.4910.04 

4 

13 

0.5G+0.04 

8 

13 

O.GG+0.04 

IG 

11 

0.99+0.07 

9a- 1  l;J-l)ihydro.\y-A*-androstcne-3,17-dione 

4 

12 

0.3010.02 

8 

12 

0.37+0.02 

IG 

11 

0.39  +0.02 

32 

14 

0.3G  10.02 

9a-Chloro-l  l/3-hydroxy-A^-androstene-3, 17-dione 

4 

4 

0.33  +0.02 

8 

8 

0.34  +0.02 

IG 

IG 

0.35+0.02 

32 

32 

0.34  +0.02 

(1).  The  four  compounds  described  in  tins  report  did  not  exhibit  this 
sodium  retaining  effect.  Actually,  the  chloro  compound  was  inactive 
on  sodium  while  the  bromo  substituted  compound,  the  9a,ll)3-dihydroxy 
and  the  9/3,1  lj3-oxido,  all  exhibited  sodium  excretion  at  least  at  one  dose 
tested.  The  three  steroids  which  caused  sodium  excretion  had  in  common 
an  effective  dose  range  while  increasing  the  dose  did  not  intensify  the  re¬ 
sponse  but  rather  abolished  the  effect. 

The  9a-chloro  derivative  was  unique  with  respect  to  the  potassium 
effect.  At  the  three  lowest  levels  increased  potassium  was  excreted  with  the 
effect  being  abolished  at  the  highest  dose  level. 


Table  7.  Uterotrophic  activity  of  C-9  and  ('-11  scbstitcted  derivA' 

TIVES  OF  A^-ANDROSTENE-3,17-DIONE 


Steroid 

Total  dose. 
Mg. 

No.  of 
mice 

Mean  uteriin* 
ratio  IS.E. 

0 

0 

11 

0.9210.05 

Estrone 

0.05 

10 

1  .88+0.09 

0.10 

10 

2.89+0.13 

0.20 

10 

4.8910.30 

1  l/3-lIydroxy-A’-androstene-3,17-dione 

100 

10 

1  .0910.0G 

9o- 11/3-1  )ihydroxy-A^-androstene-3, 1 7-dione 

100 

10 

1 .1910.09 

!to-Chloro-l  l/3-hydroxy-A'-androstene-3, 1 7-dione 

100 

10 

1  .34  10.09 

9/3, 1 1 3-p]poxide-A^-androstene-3, 1 7-dione 

100 

10 

0.9510.07 

0 

0 

14 

1 .3210.07 

Estrone 

0.05 

10 

2.15+0.14 

0.10 

10 

4.  G2  10.25 

9o-Hroino-l  l<3-hydroxy-A^-androstene-3,l  7-dione 

100 

10 

1 .1410.05 
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Table  8.  Modifications  ok  biological  activity  of  1  1/3-hydroxy-A^-am)rostene- 
3,17-dioxe  by  C-9  si  bstitcent  groups 


New  group 

Effect  on 

urinary 

.\ndrogenic 

Uterotrophic 
activity 
(dose  ng.) 

at  C-9 

Na 

K 

(dose  range,  mk  ) 

Fluorine 

Retention 

(6-25) 

— 

Decreased 
(40,  160,  320) 

Increased 

(50) 

Chlorine 

No  Effect 
(6,  25,  50,  100) 

Excretion 

(25-50) 

Decreased 
(40,  160) 

Increased 

(100) 

Bromine 

Excretion 

(50) 

No  Effect 
(6,  25,  50,  100) 

Decreased 
(40,  160) 

Increased 

(100) 

Hydroxy 

Excretion 

(25) 

No  Effect 
(6,  25,  50,  100) 

Decreased 
(40,  80,  160) 

Increased 

(100) 

Oxido 

Excretion 

(6) 

Excretion 

(50) 

1  lecreased 
(40,  80,  160) 

Increased 

(100) 

Modification  of  the  ll|8-hydroxy-A^-androstene-3,17-dione  molecule  by 
)  he  9-halogen  or  9-oxygen  function  reduced  the  androgenicity.  These  ob¬ 
servations  are  in  keeping  with  the  studies  on  9a-fluoro-ll/3-hydroxy-A'‘- 
androstene-3,17-dione  previously  reported  (1).  Uterotrophic  activity,  on 
ilie  other  hand,  was  maximally  intensified  by  the  introduction  of  the 
fluorine  at  C-9.  The  steroid  with  a  chlorine  substituent  at  C-9  was  active  on 
tlie  uterus  but  the  bromo,  the  hydroxy,  and  the  oxido  derivatives  were  in¬ 
active  at  the  dose  levels  studied. 
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NOTES  AND  COMMENTS 


THE  CORPUS  LUTEUM-PITUITARY  RELATIONSHIP;  OX  THE 
REPORTS  THAT  OXYTOCIN  STIMULATES  THE 
SECRETION  OF  LUTEOTROPHINi 

ABSTRACT 

Injections  of  oxytocin,  vasopressin  or  saline  were  made  under  a  variety  of  con¬ 
ditions  into  separate  groups  of  adult  cycling  female  rats.  Only  8  prolonged  cycles  (out 
of  a  total  of  1G2),  bearing  no  specific  relation  to  oxytocin  treatment,  were  observed 
during  or  following  treatment.  Lactating  rats,  deprived  of  their  litters  and  subjected 
to  uterine  trauma  on  the  5th  or  7th  day  postpartum,  almost  uniformly  formed  decid- 
uomata,  regardless  of  oxytocin  treatment;  when  litters  were  removed  on  day  2,  and 
the  uterus  traumatized  on  day  6,  50%  formed  deciduomata,  regardless  of  oxytocin 
treatment.  In  the  light  of  these  and  other  results  the  theory  that  oxytocin  stimulates 
LTH  secretion  was  coiKsidered  to  be  invalid. 

That  oxytocin  stimulates  luteotrophin  (LTH)*  secretion  has  been  suggested  bj'  the 
following.  Milk  secretion  was  maintained  for  9  days  (but  not  for  12)  in  oxj  tocin,  but  not 
saline-treated  post-jrarturient  rats  deprived  of  their  litters  on  day  4  postpartum  (1). 
Certain  hypothalamic  lesions  in  lactating  rats  were  associated  with  a  “defect  in  milk 
secretion”;  this  was  corrected  by  oxytocin  treatment  (2).  Treatment  of  cjcling  rats  with 
oxytocin  resulted  in  pseudopregnancy  (3).  Deciduomata  formed  in  oxytocin,  but  n<»t 
saline-treated  post-parturient  rats  deprived  of  their  litters  and  subjected  to  uterine 
trauma  (4).  The  experiments  described  in  this  note  attempted  to  confirm  some  of  these 
findings. 

EXPERIMENTS  AND  RESULTS 

Induction  of  pttetidopregnancy.  Separate  groups  of  a<lult  cycling  Sprague-Dawley  female 
rats  were  injected  with  oxytocin,  vasopressin  or  saline  under  the  conditions  described  in 
Table  1.  Pseudopregnancy-like  cycles  occurred  infrequently,  and  in  no  specific  relation  to 
oxytocin  treatment  (Table  1). 

Formation  of  deciduomata  in  post-parturient  rats.  The  conditions  of  oxytocin  treatment, 
litter  removal,  and  uterine  trauma  are  outlined  in  Table  2.  The  incidence  of  deciduoma  forma¬ 
tion  was  jiractically  the  same  in  the  oxytocin-treated  rats  and  their  controls  (Table  2i, 
although  some  of  the  oxytocin-treated  rats  may  have  formed  somewhat  larger  deciduomata 
than  did  the  controls. 


DISCUSSION 

The  experiments  summarized  in  Table  1  indicate  that  oxytocin  does  not  elicit  the 
luteotrophic  endpoints  of  LTH  secretion.  McCann  and  Friedman  in  rats  (5),  and  Follev 
in  mice  (6)  have  also  been  unable  to  demonstrate  this  effect  (3). 

The  experiments  reported  in  Table  2  suggest  that  under  the  conditions  of  Stutinsky's 
experiment  (4),  LTH  is  secreted  “spontaneously.”  The  finding  that  a  pseudopregnancj - 
like  diestrus  is  shown  by  almost  50%  of  post-parturient  rats  deprived  of  their  litters  as  earl/ 
as  day  2  postpartum  (7)  supports  this  suggestion.  Work  in  progress  indicates  that  tin-; 
“spontaneous”  LTH  secretion  is  actually  dependent  on  ovarian  activity,  and  cannot  h.  ‘ 
maintained  by  oxytocin  (8).  It  has  been  found  that,  in  oxytocin-treated  post-parturiei  t 
rats  deprived  of  their  litters,  milk  secretion  can  be  maintained  for  at  least  28  days  i  i 

Received  .\ugust  8,  1959. 
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*  See  the  introduction  to  (7)  for  the  definition  and  justification  of  this  term. 
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Table  1.  Effects  of  oxytocin,  vasopressin,  or  saline  injections  on 

THE  ESTROUS  CYCLES  OF  ADULT,  INTACT,  CYCLING  RATS 


Material 

.\mount 
(i.u.  or 
cc.) 

Injections* 

Daily  schedule 

_  > 

Dura¬ 
tion  in 
days 

Co.  of 
rats 

Results 

No.  of  cycles 
observed  during 
or  following 
treatment 

No.  of 
pro¬ 
longed 
cycles 

( Ixytociu 

0.83 

Every  4  hrs. 

10 

7 

20 

1 

Saline 

0.25 

Every  4  hrs. 

10 

0 

18 

0 

( )xy  tocin 

2.5 

Once,  in  proestrus  only 

4 

10 

0 

5.0 

Once,  in  proestrus  only 

0 

24 

0 

Vasopressin 

2.5 

Once,  in  proestrus  only 

3 

12 

P 

5.0 

Once,  in  proestrus  only 

0 

24 

0 

Oxytocin 

5.0 

Once  daily 

9 

2 

8 

0 

5.0 

Once  daily 

23 

2 

8 

23 

Vasopressin 

5.0 

Once  daily 

9 

2 

8 

0 

5.0 

Once  daily 

23 

2 

8 

23 

Saline 

0.5 

Once  daily 

9 

2 

8 

0 

1 .0 

Once  daily 

23 

2 

8 

2* 

Totals 

— 

— 

— 

41 

102 

8 

*  All  injections  were  given  by  the  intraperitoneal  route,  except  in  the  lirst  2 experiments, 
in  which  they  were  given  subcutaneously.  In  the  first  experiment  each  oxytocin  injection 
was  made  in  a  volume  of  0.25  cc.  In  the  others,  the  concentration  of  oxytocin  and  of  vaso- 
)ii(‘ssin  was  10.0  i.u./cc. 

*  Immediately  followed  injection. 

*  One  occurred  immediately;  the  other  was  the  second  cycle  in  the  other  rat. 

*  First  cycle  in  each  rat. 


Table  2.  The  effect  of  o.xytocin  on  the  formation  of  deciduomata 

IN  POST-PARTURIENT  RATS  DEPRIVED  OF  THEIR  LITTERS 


Time  of  re- 

'Pvpe  of  treatment 

and  duration*  (day  post¬ 

partum) 

Time  of 
uterine 
traumatiza¬ 
tion  (day 
postpartum) 

No.  of 

Deciduoma  response.s* 

rats 

0 

+ 

+  + 

+++  ++++ 

Oxf/tocin:  0.5  i.u.  5X 

/davX5  davs,  SC*  5 

5 

2 

—  2 

flj-i/Iocin:  3.0  I.u.  Xl, 

(1*3  5 

5 

4 

_ 

_ 

1  3 

None  5 

5 

7 

1 

1 

— 

3  2 

Oxi/tocin:  ‘.i.O  i.v.  XI, 

11*3  2 

0 

4 

2 

1 

1 

None  2 

0 

8 

4 

2 

— 

2  — 

None  7 

7 

11 

3 

1 

— 

2  5 

’  In  all  cases  oxytocin  treatment  was  given  or  begun  on  the  day  of  litter  removal. 

*  Subcut  aneousiy. 

’  Intraperitoneally. 

*  These  gradings  conform  roughlv  to  the  following  w’eights  for  a  single  traumatized  uterine 
h.  n ;  0  =  100-250  mg. ;  -t-  =  350-  400  mg. ;  -h  -h  =  400-500  mg. ;  -|-  -b  +  =  500-000  mg. ; 
-  ^  +  +  =over  000  mg.  The  uteri  were  examined  5  days  after  traumatization. 
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intact  rats  treated  with  progesterone,  and  that  castration  without  progesterone  treat¬ 
ment  reduced  the  duration  of  milk  secretion  to  about  10  days  or  less.  Castrates  treated 
with  progesterone,  however,  or  bearing  a  homotransplanted  pituitarj-  beneath  the  kid¬ 
ney  capsule  but  not  given  progesterone,  were  still  secreting  milk  after  at  least  15  days  of 
treatment  (8).  These  results  indicate  that  oxytocin  does  not  elicit  the  lactogenic  end¬ 
points  of  LTH  secretion,  and  suggest  instead  that  the  maintenance  of  milk  secretion  by 
ox\  tocin  (1,2)  may  be  due  to  a  local  effect  on  the  mammary  gland,  probably  through 
its  abilit}’  to  discharge  milk  from  the  aveoli  (9,  10).  This  could  explain  the  results  of 
McCann,  Mack  and  Gale  (2),  since  in  another  experiment  McCann  and  Friedman  (5) 
found  that  rats  bearing  the  same  type  of  hypothalamic  lesions  secreted  LTH  spontane¬ 
ously,  in  a  manner  reminiscent  of  the  transplanted  pituitary  (11,  12,  13). 

Since  the  incidence  of  pseudopregnancies  following  early  litter  remov'al  in  our  colony 
is  only  about  50%,  it  is  difficult  to  explain  the  fact  that  practically  all  such  oxytocin- 
treated  rats  (1)  or  those  subjected  to  uterine  trauma  (Table  2)  give  evidence  of  con¬ 
tinued  LTH  secretion.  Perhaps  uterine  trauma  permitted  the  maintenance  of  pseudo¬ 
pregnancy  through  a  mechanism  similar  to  that  which  prolongs  the  pseudopregnancy  in 
rats  bearing  deciduomata  (14,  15).  In  the  oxytocin-treated  rats,  the  distention  of  the 
ducts  with  milk  (10),  produced  bj’  oxj  tocin’s  “letdown”  effect  (9),  may  have  serv'ed  as  a 
mild  local  irritant  to  the  nijjple  area  that  was  enough  to  maintain  LTH  secretion  in  all 
rats. 

.V  final  point  is  this.  Benson  and  Folley’s  oxytocin-treated  rats  showed  vaginal  mucifi- 
cation,  while  their  saline-treated  controls  showed  atrophic  vaginal  mucosae  (1).  How¬ 
ever,  if  their  experimental  rats  secreted  progesterone,  in  the  absence  of  estrogen,  their 
vaginal  mucosae  would  not  have  been  different  from  the  controls.  This  means  a)  that 
the  controls  could  also  have  secreted  progesterone,  and  b)  that  oxytocin  caused  vaginal 
mucification  through  some  effect  other  than  the  stimulation  of  LTH  secretion.  The  latter 
possibility  has  been  confirmed  bj'  the  finding  of  marked  vaginal  mucification  in  oxj  tocin 
treated  hjpophysectomized  rats  bearing  autotransplanted  pituitaries  (7). 
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BEOCKINO  THE  RENAL  ELECTROLYTE  EFFECTS  OF 
.MINERALOCORTICOIDS  MTTH  AN  ORALLY  ACTIVE 
STEROl  D AL  SPI ROL ACTONE 

ABSTRACT 

.\ldactone,  or  3-(3-oxo-7a-acetylthio-17(i-hyilro.\y-4-androsten-17a-yl)propionic 
acid  7-lactone,  blocked  the  urinary  electrolyte  effects  of  deso.xycorticosterone  acetate 
in  rats,  by  simultaneously  reversing  sodium  retention  and  potassium  loss.  The  com- 
])ouiul  was  \  as  active  parenterally  and  5  times  as  active  orally  relative  to  an  early 
steroidal  spirolactone,  S(%8109  or  3-(3-oxo-17lt-hydroxy-19-nor-4-androsten-17a- 
yOpropionic  acid  y-lactone,  which  has  received  clinical  trials  in  edematous  states 
and  other  conditions  characterized  by  aldosteronism.  Aldactone  was  approximately 
as  active  orally  as  parenterally,  and  it  also  reversed  the  urinary  electrolyte  effects 
of  aldosterone  and  hydrocortisone.  The  compound  was  inactive  when  given  atone. 

■Ml  evidence  favors  the  view  that  the  compound  affects  electrolyte  excretion  by  com- 
j)etitive  inhibition  with  aldosterone-like  steroids  at  the  renal  level.  The  compound 
did  not  show  cortisone-like,  androgenic,  anabolic,  estrogenic  or  progestational 
activit}’;  it  was  similarly  inactive  in  inhibiting  the  effects  of  standard  steroids  in  the 
endocrinologic  tests.  The  studies  indicate  that  the  compound  i)osses.ses  an  oral  po¬ 
tency  which  may  be  useful  for  the  treatment  of  edema. 

Recent  reports  described  steroidal  spirolactones  (1,  2),  which  possessed  the  ability 
to  block  the  urinary  electrolyte  effects  of  aldosterone  and  dcsoxycorticosterone  in  ani¬ 
mals  (3-6).  Following  administration  of  these  compounds  in  cardiac  and  nephrotic  i3a- 
ticnts  with  edema,  Liddle  reported  sodium  and  water  diuresis  and  potassium  retention 
(4,  7),  and  the  electrolyte  effects  in  man  as  in  the  animal  studies  were  ascribed  to  the 
antagonism  to  aldosterone-like  steroids.  Thus,  the  clinical  findings  suggested  an  im- 
jjortant  etiological  significance  of  aldosterone  in  these  edematous  states  and  a  potential 
tlK'rapeutic  utility  of  aldosterone-blocking  agents  in  edema.  However,  the  early  examples 
of  the  steroidal  spirolactones  showed  clinical  effects  at  relatively  large  oral  doses  (7-14). 
It  was  of  interest,  therefore,  that  further  search  jieldcd  another  spirolactone  with  in¬ 
teresting  oral  activity.  'I'he  present  report  will  describe  the  blocking  ability  of  this  com- 
l)ound,  SC-9420  (15)  or  Aldactone,’  relative  to  that  of  SC-8109  (1),  an  early  example  and 
a  .subject  of  recent  reports  (16-31).  The  structures  of  the  2  compounds  are  shown  below. 


I - 

/N/\ 

I  I 


S(;-942()  (left):  .Mdaetotie  or  3-(3-oxo-7a-acctylthio-17/i-hy(lroxy-4- 
an(lr(>sten-I7o-yl)proi)ionie  acid  y-laetoiu*. 

SC-81  Off  (right ) :  :i-{:i-ox(>-17d-hy(lroxy-ll)-nor-4-an(lrostcn-l  7a-yl)- 
propionie  acid  7-lactonc. 

Received  Januarj-  25,  1960. 

’  Registered  trademark  of  G.  1).  Searle  and  Co.  for  spironolactone. 
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METHODS 

Male  Spraguc-Dawley  rats  (150-200  gm.)  were  adrenaleetomized  and  maintained 
overnight  with  suerose  eubes  and  tap  water.  .\pproximat('ly  24  hours  j)ostoperatively, 
all  animals  were  injeeted  subeutaneously  with  2.5  ee.  0.85%  sodium  ehloride  solution 
and  with  12 /xg.  of  desoxyeortieosterone  aeetate  (DC.V)  in  0.1  ee.  Mazola  oil.  .Vldactone 
was  given  additionally  either  as  a  subeutaneous  injection  or  an  (»ral  dose  in  0.5  ee.  oil 
in  groups  of  6-10  animals.  The  bladder  of  the  animals  was  emptied  by  application  of  a 
slight  pressure  with  the  fingers  before  placing  the  animals  in  metabolism  cages.  Voiding 
was  again  induced  at  the  end  of  a  4-hour  correction  period  for  complete  recovery  of  urine. 
Pooled  specimens  were  analyzed  for  sodium  and  potassium  content  after  dilution  to  a 
definite  mark  with  water.  The  concentration  values  representing  measures  of  total  sodium 
and  potassium  were  then  used  for  the  computation  of  the  log  (NaX10)/K  ratio.^  In 
this  method,  a  12  MS-  f^ose  of  DCA  causes  reduction  of  the  ratio  of  Na  'K  by  promoting 
sodium  retention  and  potassium  loss.  Blocking  activit}-  was  measured  by  reversal  of  the 
Na/K  effect  of  1)C.\.  Log  transformation  of  the  Na  K  values  gave  in  our  standardiza¬ 
tion  tests  responses  with  relatively  constant  standard  error  values  at  different  levels  of 
DCA.  From  this  standpoint,  the  adjustment  provided  a  statistically  useful  response 
index  for  the  evaluation  of  DC.V-blocking  activitj-.  The  proportion  of  the  standard  dost' 
of  DC.\  (as  %  block)  inhibited  bj’  Aldactone  was  determined  at  different  dosage  levels 
by  comparison  with  a  DC.\  calibration  curve.  The  dose  of  .\ldactone  required  for  50^ 
inhibition,  i.e.,  for  reduction  of  the  Na/K  effect  of  12  Mg.  of  DC.\  to  that  obtained  with 
a  6  Mg-  dose,  was  then  determined  by  interpolation  using  cumulated  dose-response  data. 
The  dose  for  this  tlegrec  of  iidiibition  was  defined  arbitrarily  as  the  median  effective  dose 
(MED). 

The  ability  of  Aldactone  to  block  the  urinary  electrolyte  effects  of  other  steroids  was 
also  studied  in  similar  animals.  In  one  instance,  d,/-aldosterone-21-monoacetate®  in  0.1 
cc.  20%  ethanol-saline  (20,  80  by  volume)  was  given  alone  and  in  combination  with 
-\ldactone  in  oil.  similar  test  was  undertaken  with  hydrocortisone  as  the  mineralocorti- 
coid  in  0.5  cc.  oil.  Groups  of  adrenaleetomized  animals  were  injected  subcutaneously 
with  Aldactone  in  the  absence  of  DC.V  to  study  the  possibility  of  the  compound  having 
a  direct  effect  on  Na/K,  i.e.,  an  action  opposite  to  that  of  DC.4.  The  diuretic  effects  of 
the  compound  when  given  alone  were  assessed  in  intact  animals.  The  spirolactone  in  oil 
was  injected  subcutaneouslj’  into  saline-loaded  rats  (275-400  gm.  body  weight),  and  the 
effects  on  sodium  and  water  in  5  hours  evaluated  in  terms  of  a  standard  dose  of  urea  (32). 
Diuretic  activity  was  also  determined  in  trained  female  mongrel  dogs  weighing  10  to  2(1 
kg.  A  5-hour  sample  of  urine  was  collected  by  catheterization  after  the  subcutacnous 
injection  of  .\ldactone  in  oil,  and  the  urinary  measurements  compared  with  those  of 
the  control  responses  for  the  dogs.  The  compound  also  received  various  tests  for  corti- 
sone-like,  anabolic,  androgenic,  estrogenic  and  progestational  activity,  as  well  as  tests 
for  possible  inhibitory  effects  on  action  of  standard  endocrine  steroids.  All  analyses  for 
sodium  and  potassium  concentration  were  done  with  the  Beckman  flame  photometer. 

RESULTS 

The  DC.4-blocking  effects  of  various  doses  of  Aldactone  are  summarized  in  Table  1. 
The  data  demonstrate  that  DCA  alone  reduced  the  urinary  ratio  of  Na/K  by  causing 
sodium  retention  and  potassium  loss.  In  the  presence  of  increasing  doses  of  .Vldactoin , 
however,  DC.\  was  progressively  less  effective  on  Na/K.  In  general,  blocking  appeare  1 
to  have  resulted  from  the  simultaneous  reversal  of  sodium  and  potassium  effects.  P'ij  - 

*  Multiplication  of  Na  concentration  bj-  10  eliminated  negative  log  Na/K  values. 

*  Kindly  supplied  by  Dr.  R.  T.  Hill  of  the  Endocrinology  Study  Section,  Nation  1 
Institutes  of  Health,  Bethesda,  Marjdand;  the  racemic  preparation  was  approximate  >’ 
40  times  as  potent  as  DCA  (by  weight)  when  evaluated  by  the  Na/K  response. 
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Table  1.  Si  mmary  of  data  demonstrating  the  DCA-blogking  effects  of  aldac- 

TONE  AFTER  Sl  BCl'TANEOrs  ADMINISTRATION  IN  ADRENALECTOMIZED  RATS 


Treatment /rat 

Numlier 

test 

animals 

Mean  log  values 

1)C.\, 

.■Mdactom*,  mg. 

Na 

K 

(NaX10)/K 

— 

- - 

()5 

0.78 

0.45 

1  .34 

12 

— 

t)t> 

0.30 

0.02 

0.77 

12 

0.1 

10 

0.40* 

0..50* 

0.91* 

12 

0.3 

10 

0.45 

0..53* 

0.91* 

12 

0.4 

10 

0.01* 

0.55* 

1  .00* 

12 

0.8 

10 

0.73* 

0.01 

1  . 12* 

12 

1  .2 

8 

0.59* 

0 . 50  * 

1  .04* 

12 

1  .0 

10 

0.77* 

0.57* 

1  .20* 

12 

2.4 

10 

0.70* 

0.55* 

1 .10* 

12 

4.8 

() 

0.80* 

0.03 

1 . 17* 

*  1*  <0.05,  relative  to  the  1)('A  controls,  one-tail  test ;  estimated  variances  ( X  10  per  rat 
spouse  =00. 1,  18.8  and  4H.1  for  log  Na,  K  and  (NaX10)/K,  respectively;  Na  and  K=lo(' 
)i.M/L  values  after  dilution  of  sample/rat/4  hours  to  25  cc.  with  water. 


lire  1  demonstrates  the  blocking  abilit}’  of  Aldactone,  in  terms  of  the  proportion  of  the 
standard  dose  of  DCA  inhibited  bv  the  compound.  By  interpolation,  it  was  found  that 
an  injection  of  0.33  mg.  Aldactone/  rat  was  required  for  50%  inhibition.  Orally,  the  data 
describe  an  MED  value  of  0.48  mg.,  which  deviation  from  the  parenteral  MED  rejire- 
sciits  a  P  >0.0  at  00  degri'es  of  freedom.  Thus,  the  compound  is  as  effective  orally  as 
parenterally.  Tlie  difference  in  slope  of  the  curves  by  the  2  treatments  was  nonsignifi¬ 
cant,  to  indicate  that  the  same  oral,  parenteral  dosage  ratios  would  be  exiiected  at  levels 
other  than  50%  block.  Tn  general,  there  was  a  large  variabilitj'  in  response  of  thi*  meas¬ 
urements  as  might  be  expected  with  thi'  analysis  of  pooled  data.  The  variance  with  oral 
dosage  was  significantly  greater  than  that  obtained  with  the  injections  (P<0.05).  For 
purposes  of  comparison  the  estimates  of  the  MED  for  .Mdactone  are  summarized  in 
Table  2  together  with  those  of  SC'-S109,  the  1 9-nor-compound.  The  results  show  that 
.Milactone  possesses  one  fourth  the  iiotency  of  S('-8I09  given  parenterally;  the  difference 
of  the  MED  values  is  significant  (P  <0.05).  Orally,  SC-SI09  showed  an  MED  value  of 


SC-9420  (mgm./rot) 

Fig.  1.  .\ction  of  .Mdactone  (SC-9420)  parenterally  (o)  and  orally  (•)  in  blocking 
c'  ccts  of  deso.xycorticosterone  acetate  on  the  urinary  ratio  of  Na/K  (b  =  30.7  and  37.5% 
h  )ck,  lO-fold  range  of  log  doses  with  subcutaneous  and  oral  treatment,  respectively). 
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Table  2.  Relative  potencies  ok  aldactone  and  SC-8109  given  pakenterally 

AND  orally  in  BLOCKING  THE  URINARY  Na/K  EFFECTS  OF  DESOXY- 
CORTICOSTERONE  ACETATE  IN  ADRENALECTOMIZED  RATS 


Route  of 
administration 

Compound 

Number  test 
animals 

MED 

Relative 

potency 

Subcutaneously 

SC-8109 

208 

0.08 

(0.035-0.220) 

1 

.\ldactone 

74 

0.33 

(0.18-0.01) 

0.27 

( Irally 

SC-8109 

84 

2.45 

(1.28-4.09) 

1 

.\ldactone 

122 

0.48 

(0.19-1.23) 

5.1 

MED  =  median  effective  dose  in  mg. /rat  required  for  a  50%  block  or  the  reduction  of  the 
log  Na/K  effect  of  12  to  6  mK-  of  DCA;  values  in  parentheses  =95%  fiducial  limits;  difference 
in  MhA)  values  =  P  <0.05  subcutaneously  and  P<0.01  orally. 


2.45  mg.  Tat,  and  Aldactone  an  MED  of  0.48  mg.  Thus,  b}-  presumably  better  absorji- 
tion  in  the  gastrointestinal  tract,  .\ldactone  showed  an  oral  potency  of  approximately  5 
relative  to  that  of  SC-8109  (MED  SC-8109 /MED  .\ldactone  =  2.45  0.48);  the  difference 
in  potency  by  the  oral  route  was  highly  significant  (P<0.01).  The  slopes  of  the  dose- 
response  curves  for  the  two  eompounds,  either  parenterally  or  orally,  were  not  dif¬ 
ferent.^ 

Table  3  demonstrates  the  ability  of  the  compound  to  block  the  effects  of  racemic 
aldosterone-21-monoacetate.  Aldosterone  alone  produced  a  low  value  of  Na/K.  Its  ef¬ 
fect  on  Na/K,  however,  was  significantly  reversed  in  the  presence  of  the  steroidal  spiro- 
lactone,  with  blocking  resulting  from  the  simultaneous  antagonism  of  sodium  retention 
and  potassium  loss.  The  compound  also  blocked  the  effects  of  h3’drocorti.sone  as  shown 
in  the  same  table.  In  this  instance,  reversal  of  the  Na/K  respon.se  was  obtained  primarily 
from  changes  of  sodium  excretion. 

The  electrolyte  effects  of  .Mdactone  given  alone  in  the  adrenalectomized  rats  are 


Table  3.  .Vction  of  aldactone  in  blocking  the  urinary  electrolyte  effects  of  aldos¬ 
terone  AND  HYDROCORTISONE  IN  ADRENALECTO.MIZED  RATS 


Treatment  /rat 

Number 
of  meas¬ 
urements 

Mean  log  response 

Mineralocorticoid 

.\ldactone 

Na 

K 

(NaX10)/K 

0.9  mK-  .Mdosterone 

— 

4 

0.82 

1  .03 

0.80 

0.9  mR.  .\ldosterone 

0.2  mg. 

2 

0.87 

0.98 

0.89 

0.9  ng.  .\ldosterone 

0.4  mg. 

2 

0.97* 

0.95 

1  .02* 

0.9  /ig.  .Mdosterone 

0.8  mg. 

2 

1 .03* 

0.92* 

1.11* 

400  iig.  Hydrocortisone 

_ 

4 

1  .08 

1 .30 

0.78 

400  mK-  Hydrocortisone 

0.2  mg. 

2 

1  .24* 

1 .32 

0.93* 

400  /ig.  Hydrocortisone 

0.4  mg. 

2 

1  .27* 

1 .22 

1  .05* 

400  Mg.  Hydrocortisone 

0.8  mg. 

2 

1  .37* 

1  .23 

1.14* 

*  P<0.05,  relative  to  controls;  least  significant  change  (P  of  0.05)  = -|-0. 15  for  N; , 
—  0.10  for  K  and  -1-0.13  for  Na/K;  4  rats/measurement;  Na  and  K  =log  mM/L  values  afti  r 
dilution  of  urinary  sample/4  rats/4  hours  to  50  cc.  with  water. 

*  Variance  ratios,  F,  were  0.037  and  0.89  for  subcutaneous  and  oral  treatment,  n  - 
spectively;  these  values  were  far  below  the  limit  of  4.5  required  for  significance  (P  =  0.0', 
111  =  1  and  112=15-10). 


'uly,  am 


NOTES  AND  COMMENTS 


129 


nmmarizod  in  Table  4.  None  of  the  Na/K  responses  with  treatment  fell  outside  of  the 
imits  for  a  1  in  20  chance  observation.  There  was  a  retention  of  potassium  with  the  0.26 
tf.  dose  (P  <0.05);  the  significance  of  this  response  is  unclear,  inasmuch  as  no  effect  was 
en  with  the  7.8  mg.  dose.  These  data  demonstrate  that  Aldactone  does  not  directly 
ffcct  sodium  and  Na/K  over  a  wide  range  of  doses;  nor  is  the  compound  capable  of 
loducing  consistent  effects  opposite  to  those  of  DC.\.  The  compound  was  not  effective 
\  producing  statistically  significant  diuresis  in  saline-loaded  intact  rats  at  a  dose  of  12 
g.  kg.  No  significant  effects  were  found  on  urinary  sodium,  potassium  and  volume  with 
e  same  dose  of  the  compound  in  dogs.  Contrastingly,  acetazolamide,  chlorothiazide, 
iiisometradine  and  the  mercurials  are  effective  in  the  dogs;  all  e.xcept  the  mercurials 
e  similarly  activ'e  in  the  rats. 

Aldactone  did  not  show  significant  endocrine  or  anti-hormonal  properties  in  various 

ts.  1)  The  compound  giv'cn  at  a  10  mg.  total  dose  subcutaneously  was  inactive  on 


Table  4.  P^ffects  of  aldactone  when  oiven  alone  on  urinary  electrolyte 

EXCRETION  IN  ADRENALECTOMIZEI)  RATS 


Treatment /rat 

Number  of 

Mean  log  response 

measurements 

Na 

K 

(NaX10)/K 

4 

1  .37 

0.86 

1  .51 

0.26  mg.  .\ldaetone 

3 

1  .34 

0.74* 

1  .59 

7.8  mg.  .\ldaetone 

3 

1 .26 

0.84 

1  .43 

*P<0.05,  relative  to  controls;  least  significant  change  (P  of  0.05)  =±0.15  for  Na, 
:•  0.11  for  K  and  ±0.111  for  Na/K;  4  rats/measurcment;  Na  and  K=log  mM/L  values  after 
dilution  of  urinary  sample/4  rats/4  hours  to  50  ce.  with  water. 


liver  glycogen  deposition  in  adrenalectomized  rats.  The  same  dose  failed  to  inhibit  (>f- 
fects  of  0.5  mg.  of  cortisone  acetate.  2)  In  a  2-day  test  in  adrenalectomized  rats,  .\ldac- 
tone  at  5  mg./day  subcutaneously  did  not  affect  granuloma  formation  of  cotton  pellet 
implants,  nor  did  the  same  dose  block  the  anti-inflammatory  effects  of  hydrocortisone 
(1  mg./day).  3)  Aldactone  did  not  enhance  Co.xsackie  virus  infection  in  mice  when  2.5 
mg.  were  injected  subcutaneously  each  day  over  6  days.  Likewise,  the  compound  was 
ineffective  in  promoting  the  infection  with  streptococci  at  the  same  daily  dose  over  5 
(lays.  Cortisone  is  active  in  both  tests  at  a  dose  of  0.25  mg.  4)  The  weight  of  the  seminal 
vesicles  and  prostate  in  castrated  rats  was  not  affected  following  intramuscular  inji'ction 
of  .Mdactone  at  a  total  dose  of  5  mg.  for  7  days.  Anabolic  activity  was  not  found  with 
till'  same  dose,  as  judged  from  the  levator  ani  response.  Given  in  combination  with  0.5 
mg.  testosterone  propionate,  Aldactone  did  not  inhibit  anabolic  activity  or  the  weight 
stimulation  of  the  male  accessory  organs.  5)  Uterine  growth  was  not  stimulated  in  im¬ 
mature  mice  following  treatment  with  a  total  dose  of  1 ,000  /xg.  of  .Mdactone  subcutane¬ 
ously  over  3  daj-s.  The  uterotrophic  effects  of  0.3  /xg.  of  estrone  were  not  inhibited  with 
.Mdactone  over  the  dosage  range  of  10-300  /xg.  6)  Progestational  activity  was  determined 
in  immature  rabbits  which  were  primed  with  injections  of  estradiol  (Clauberg  assay). 
.\ldactone  given  at  a  dail}'  dose  of  0.5  and  1.0  mg.  subcutaneously  did  not  produce 
endometrial  gland  proliferation.  The  effects  of  0.1  mg.  progesterone  subcutaneously  were 
not  inhibited  with  the  large  dose  of  the  compound. 

DISCUSSION 

Our  data  suggest  that  .Mdactone  exerts  effects  on  electrolytes  by  competing  with 
al  h)sterone-like  steroids  for  receptor  sites  in  target  tissues.  It  reverses  the  effects  of 
I  \,  aldosterone  and  hydrocortLsone  to  suggest  that  the  target  tissues  for  electrolj’te 
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manifestations  are  eonimon  to  many  steroids  and  to  the  steroidal  spirolaetone.  Aldactone 
does  not  appear  to  affect  ion  excretion  directly  in  a  manner  opposite  to  the  effect  of  DCA, 
thus  ruling  out  physiological  antagonism  as  a  mechanism  of  action.  Thus,  it  is  not  sur¬ 
prising  that  the  spirolaetone  given  alone  also  failed  to  produce  sodium  and  water  diuresis 
in  intact  rats  and  dogs,  in  which  presumably  onh’  small  amounts  of  aldosterone  are  found 
as  suggested  by  several  studies  (33-36).  The  inhibition  is  presumed  to  be  at  the  kidney 
level  (20,  21),  the  generally  accepted  site  of  action  of  mincralocorticoids  for  effects  on 
sodium  and  potassium  excretion  (37-38). 

Aldactone  is  of  interest  as  a  blocker  of  DCA  because  of  its  favorable  oral  potency  in 
laboratory  animals.  It  is  approximately  5  times  as  potent  orally  as  SC-8109,  a  19-nor- 
steroidal  spirolaetone,  and  is  equally  as  effective  by  the  oral  or  parenteral  route  of 
administration.  By  comparison  of  effects  obtained  with  the  parent  compound,  SC-5233 
or  3-(3-oxo-17d-hydroxy-4-androsten-17a-yl)propionic  acid  7-lactone  (1,  3-6),  it  appears 
that  the  acetylthio-modification  at  carbon  7  had  little  effect  on  parenteral  activity.  The 
MED  of  SC-5233  is  estimated  to  be  0.22  mg.  (95%  limits  =  0.088-0.55),  as  constrastetl 
with  the  MED  of  0.33  mg.  for  Aldactone  (Table  2).  For  all  practical  purposes,  these 
values  of  MED  can  be  considered  the  same  (P  =  approximately  0.5  for  difference  between 
the  MEDs).  If  the  relative  potencies  are  considered  in  terms  of  molecular  proportions, 
rather  than  in  terms  of  weight,  there  would  be  a  closer  aj)proximation  of  the  MED 
values  for  the  2  compounds.®  The  MED  of  SC-5233  by  oral  treatment  is  estimated  to  be 
a  massive  dose*  of  19.2  mg.,  rat.  By  this  route,  it  appears  that  the  7a-acetylthio-radical 
increased  activity  by  approximately  40-fold  on  a  weight  do.sage  basis;  activity  would  be 
incr<‘ased  by  about  50-fold  bj’  molecular  proportions.  Results  of  other  studies  show  that 
.Mdactone  possesses  a  relatively  specific  effect  in  inhibiting  aldosterone-like  action.  It 
was  inactive  in  inhibiting  the  effects  of  standard  steroids  in  tests  for  cortisone-likc‘, 
anabolic,  androgenic,  estrogenic  or  progestational  activity.  The  compound  was  similarly 
inactive  when  given  alone  in  the  endocrinologie  tests. 

In  addition,  the  aldosterone-  and  desoxycorticosterone-blocking  ability  of  Aldactone 
is  of  interest  because  of  a  possible  etiological  significance  of  aldosterone  in  edema  (40-42). 
Since  the  initial  observations  (4,  7),  clinical  reports  have  ajipeared  confirming  effective¬ 
ness  of  the  steroidal  spirolaetones  in  edematous  states  (10,  12,  13,  16,  23,  26)  and  in 
vari<»us  states  of  aldosteronism  (8,  13,  20,  23,  24,  28).  In  general,  the  clinical  findings 
appear  to  support  2  points:  a)  competitive  inhibition  with  aldosterone-like  steroids  as 
the  mechanism  of  effect  of  the  steroidal  spirolaetones  to  show  good  agreement  with  o>ir 
laboratory  data  (cf.  9,  II),  and  b)  an  important  role  of  aldosterone  in  edema  (cf.  42-4.5). 
Our  laboratory  flata  indicate  that  .Mdactone  would  be  about  5  times  as  potent  as  the 
19-nor-compound,  SC-8109  (3,  11,  13,  14,  18,  20,  24,  46),  when  administered  orally  in 
man.  hiarlv  stiuli(*s  show  that  .Mdactone  is  a  useful  oral  agt'ut  for  the  treatment  of 
e<lema  (25,  47-54). 
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THE  EFFECT  OF  GLUCAGON  ON  HINDQUARTER  BLOOD  FLOW 

IN  THE  DOG* 

ABSTRACT 

Direct  measurement  of  the  hiiidquarter  blood  flow  was  obtained  in  an  acute 
preparation  in  which  the  inferior  vena  cava  was  cannulated  just  distal  to  the  renal 
veins.  Following  the  intravenous  administration  of  .02  mg.  glucagon/kg.,  to  dogs 
in  a  postabsorptive  state,  there  was  a  marked  decrease  in  hindquarter  blood  flow. 
mean  decrease  to  52%  of  control  values  occurred  between  10  and  20  minutes  after 
glucagon.  This  effect  was  not  observed  in  a  dog  fasted  5  days.  Administration  of 
glucose,  in  amounts  roughly  comparable  to  the  amount  of  glucose  released  by  the 
liver  with  this  dose  of  glucagon,  produced  a  transient  increase  in  hindquarter  flow. 
These  findings,  together  with  previously  reported  findings  of  increased  hepatic  bloo<l 
flow,  suggest  a  redistribution  of  cardiac  output  following  glucagon. 

Since  its  crystallization  in  1953,  glucagon  has  been  studied  extensively,  its  physical 
properties  characterized,  its  structure  analyzed  and  its  biologic  effects  described  (1-5). 
In  reviewing  the  literature  on  glucagon.  Van  Itallie  (1)  found  that  no  hemodynamic 
effect  had  been  observed  at  that  time  (1956);  Bondy,  et  al.,  (6)  reported  that  there  was 
no  change  in  peripheral  blood  flow  after  glucagon  administration  in  man. 

We  have  previously  reported  an  increase  in  hepatic  blood  flow  after  intravenous 
administration  of  crystalline  glucagon  (7).  The  mean  hepatic  blood  flow  doubled  within 
10  to  20  minutes,  and  this  increase  was  diminished  or  absent  when  glycogen  stores  h  ul 
been  depleted  after  3  to  5  days  of  fasting  (8).  In  the  present  study  a  hindquarter  blond 
flow  method  is  described  preliminary  to  measurement  of  regional  metabolism  of  this 
peripheral  area.  Furthermore,  this  method  was  employed  to  determine  whether  t'  e 

‘  This  work  was  supported  in  part  by  grants  from  the  United  States  Public  Hea'  h 
Service,  the  Atomic  Energy  Commission,  the  Subcommittee  on  Metabolism  in  Traun  t. 
Advisory  Committee  on  Metabolism,  Office  of  the  Surgeon  General,  Department  of  t  e 
Army.  The  assistance  of  Winthrop  Laboratories,  Incorporated  and  The  Upjohn  Co  i- 
pany  is  gratefully  acknowledged. 
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icreasc  in  hepatic  blood  flow  was  associated  with  a  concomitant  change  in  i)criphcral 
iood  flow. 

The  rate  of  blood  flow  in  the  inferior  vena  cava  just  distal  to  the  renal  vessels  was 
easured  in  this  study  and  us('d  as  an  index  of  the  j)eripheral  blood  flow.  The  venous 
ood  flow  in  the  distal  vena  cava  under  steady  state  conditions  is  ecpial  to  the  blood  flow 
;  the  terminal  aorta  and  was  taken  to  represent  the  blood  flow  to  the  himlquarters. 

METHODS  .\ND  MATERIALS 

Mongrel  dogs  of  both  sexes  weighing  10  to  23  kilograms  were  used  in  these  experiments. 
!>e  dogs  were  anesthetized  with  sodium  thiopental  intravenously;  resjuratory  rate  and 
i  ptli  was  controlled  with  a  Harvard  respiration  pump  through  an  endotraeheal  tube. 

1  ige  (()  mm.  internal  diameter)  cannula  was  inserted  into  the  right  jugular  vein;  the  right 
(  rotid  artery  was  also  eannulated  for  arterial  blood  samiiling  and  for  monitoring  arterial 
1  )od  pressure.  Heparin  (2  mg. /kg.)  was  given.  The  inferior  vena  cava  just  distal  to  the 
1.  mil  veins  was  expo.sed  through  a  lower  abdominal  midline  incision.  The  lumbar  veins  distal 
t  the  jiroposed  eannulation  site  were  tied  and  the  distal  cava  was  eannulated  with  large 
ji:  istie  tubing  (9  mm.  internal  diameter).  This  cannula  led  to  an  extracorporeal  reservoir 
o  donor  dog  blood  which  was  connected  to  a  Sigmamotor  immp  that  returned  the  blood  to 
t!ic  right  jugular  vein  via  the  previously  placed  cannula.  The  extracorporeal  system  was  set 
up  liefore  the  abdominal  operation  so  that  immediately  upon  eannulization  of  the  vena  cava 
the  extracorporeal  circuit  could  be  established. 

Venous  flow  from  the  hindipiarters  was  measured  directly  by  diverting  the  caval  blood 
from  the  reservoir  into  a  graduated  cylinder  for  a  given,  timed  ireriod.  .\  sufficient  extra¬ 
corporeal  reservoir  was  provided  so  that  measurements  of  flow  could  be  obtained  without 
(li>turbing  the  animal’s  blood  volume,  arterial  blood  jrressure  or  hindquarter  blood  flow. 
'I'lie  sampled  blood  was  rejilaced  with  eipial  ipiantities  of  heparinized  dog  blood. 

Using  this  preparation  the  effect  of  glucagon  on  the  venous  blood  flow  from  the  hind¬ 
quarters  was  studied.  The  experimental  animals  were  studied  18  to  24  hours  after  their  last 
meal;  one  dog  was  fasted  for  5  days  prior  to  flow  determinations,  .\fter  (i  to  12  baseline  flow 
measurements  were  taken,  glucagon  0.02  mg. /kg.  was  given  as  a  single  intravenous  injection, 
llindipiarter  blood  flow  determinations  were  repeated  at  2  to  10  minute  intervals  until  flow 
returned  to  baseline  or  near  baseline  levels.  Variations  in  flow  occurring  between  actual 
measurements  were  readily  observed  by  changes  in  reservoir  volume.  Flow  measurements 
were  taken  at  definite  intervals  and  when  changes  in  flow  required  adjustment  of  pump 
speed. 

The  glucagon  effect  on  hindquarter  blood  flow  was  compared  with  the  effect  of  glucose 
or  saline.  The  single  intravenous  injection  of  0.4  mg.  glucagon  was  found  to  relea.se  approx¬ 
imately  9  gm.  of  glucose  in  the  first  hour  after  injection  (or  a  net  increase  of  6  gm.)  (8).  Ten 
grams  of  glucose,  an  amount  roughly  comparable  to  that  released  by  the  liver  after  glucagon, 
was  administered  as  a  50%  aipieous  solution  both  intra-arterially  (in  the  carotid  cannula) 
and  intravenously  (into  the  femoral  vein).  .\s  a  further  control,  10  gm.  of  glucose  as  a  5% 
aipieous  solution  was  infused  into  the  jugular  vein.  This  was  eomiiared  with  the  infusion  of 
an  equal  volume  (200  ce.)  of  isotonic  saline  into  the  jugular  vein.  These  glucose  and  saline 
infusions  were  injected  over  a  jicriod  of  1  to  2  minutes. 

RE.SULT.S 

The  results  of  the  series  of  experiments  are  summarized  in  Figure  1.  There  was  a 
marked  decrease  in  hindquarter  blood  flow  after  intravenously  administered  glucagon. 
This  flow  decrease  occurred  rather  promptly  and  reached  its  nadir  10  to  20  minutes 
after  the  injection  of  glucagon.  There  was  a  return  to  control  or  near  control  values  by 
45  minutes  following  glucagon  administration.  The  mean  hindquarter  blood  flow  at  its 
lowest  point  was  52%  of  control  values.  No  significant  change  in  arterial  blood  pressure 
was  observed. 

The  dog  which  had  been  starved  for  5  days  was  similarly  stiulied  and  in  this  instance 
there  was  a  minimal  flow  change  (Fig.  2).  Coincident  with  this,  a  minute  rise  in  arterial 
blood  sugar  was  observed  (from  a  control  value  of  102  mg./lOO  cc.  to  114  mg./lOO 
cc.,  10  minutes  after  glucagon).  This  lack  of  effect  of  glucagon  corroborated  the  lack  of 
effect  of  glucagon  on  hejiatic  blood  flow  and  hepatic  glucose  output  previously  reported 
ill  the  fasted  animal  (8). 

Intravenous  administration  of  10  gm.  glucose  as  a  5%  solution,  or  as  a  50%  solution, 
p;  iduced  an  increase  in  hindquarter  flow  which,  though  pronounced,  was  evanescent. 
8i  'lilarlv  the  addition  of  200  cc.  of  saline  produced  a  temporarv  increase  in  hindquarter 
fl'  w  (Fig.  3). 
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Fig.  1.  Hindquarter  blood  flow  as  a  function  of  time  aft«T  administration  of  crystalline 
glucagon  .02  mg./ kg.  The  rate  of  blood  flow  of  individual  dogs  is  represented  as  a  jier- 
centage  of  the  mean  control  value. 


DISCUSSION 

These  studies  indicate  that  in  dogs  there  is  a  decrease  in  hindquarter  blood  flow  fol¬ 
lowing  the  intravenous  ailministration  of  glucagon.  Several  questions  arise  in  the  inter¬ 
pretation  of  these  results:  are  the  hindquarter  blood  flow  changes  due  to  glucose  re¬ 
leased  bj"  glucagon;  to  a  direct  action  of  the  hormone  itself;  or  do  they  occur  as  a  conse¬ 
quence  of  increased  flow  to  the  liver? 

The  administration  of  glucose  (in  amounts  comparable  to  that  released  by  the  liver 
after  glucagon)  jiroduced  an  increase  rather  than  a  decrease  in  hindquarter  blood  flow 
in  this  preparation.  This  occurred  with  both  isotonic  and  with  concentrated  glucose. 
The  increase  in  flow  in  either  case  was  sudden,  marked,  and  shortlived;  these  resiioiise.s 
jiaralleled  tho.se  occurring  after  the  addition  of  200  cc.  of  isotonic  saline.  Thus,  the  re¬ 
sponses  to  gluco.se  and  saline  administration  are  regarded  as  due  largely  to  the  sudd  ii 
expansion  of  the  circulating  plasma  volume  in  the  system. 

The  hindquarter  blood  flow  change  followed  glucagon  administration  in  the  sane 
time  relationship  as  the  hepatic  blood  flow  alteration  previously  reported;  both  fl'  w 
changes  reach  their  maximum  deviations  from  control  values  in  10  to  20  minutes.  Tli  y 
differed,  however,  in  the  direction  of  the  flow  change.  Whereas  the  hepatic  blood  fl  w 
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2.  Tlic  effect  of  glueaf>;on  on  hindquarter  blood  flow  in  a  dog  which  has  been  fasted 

for  five  da}s. 


increased  ai)i)roxiinately  100%  after  glucagon,  the  hindquarter  blood  flow  decreased  to 
ai)|)roxiinately  50%  of  baseline  values.  .Although  the  hindquarter  blood  flow  represents 
only  about  10  to  15%  of  the  cardiac  outi)ut,  it  may  also  rc'fleet  the  rate  of  blood  flow 
(and  the  change  in  the  rate  of  blood  flow)  occurring  throughout  the  muscle  mass  of  the 
body. 

.\lthough  a  direct  action  of  glucagon  on  himhjuarter  blood  flow  cannot  absolutely  be 
nil(‘d  out  at  this  time,  this  seems  an  unlikely  explanation.  That  the  himhiuarter  blood 
flow  as  well  as  the  hepatic  blood  flow  and  hejiatic  glucose  output  response  (8)  wen;  al¬ 
most  complebdy  abolished  when  the  animal  was  fasted  for  5  days  suggests  the  hind- 
quarter  blood  flow  H'sponse  may  be  related  to  the  hepatic  response.  We  wen*  unable  to 
demonstrate  a  significant  change  in  cardiac  output  after  glucagon. 

It  is  concluded  that  these  flow  alterations  may  represent  a  reflistribution  of  the 
cardiac  output  incident  to  the  hormone-inducefl  hepatic  glycogenolysis,  rather  than  a 
direct  vascular  effect  of  the  hormone,  or  the  hvpcrglycemia  produced  by  it. 

The  results  of  this  study  are  in  contrast  to  the  results  of  Bondy,  et  nl.  (fl),  who  re¬ 
ported  no  change  in  peripheral  blood  flow  after  glucagon  administration  in  man.  .\1- 
though  there  is  a  species  difference,  it  should  be  pointed  out  that  Bondy’s  measurements 
\vi  re  obtained  with  finger  plethysmography;  it  need  hardly  be  mentioni'd  that  the  finger 
contains  almost  no  muscle  save  for  a  slip  of  the  lumbrical  at  the  most  proximal  portion. 
Finger  ])lethysmography  (in  addition  to  having  inherent  errors  as  a  flow  measurement) 
would  not  be  a  valid  nqrresentation  of  the  blood  flow  through  the  muscle  mass  of  the 
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Fig.  3.  The  effect  of  saline  or  ^lueose  solutions  on  hindquarter  blood  flow.  The  follow¬ 
ing  solutions  were  added  at  the  arrows: 

A.  10  gm.  glucose  (20  ee.  o0%  solution)  carotid  artery  catheter 
li.  10  gill,  glueo.se  (200  ee.  5%  solution)  into  jugular  vein  catheter 
C\  200  cc.  0.9%  saline  into  jugular  vein  catheter 
I).  10  gm.  glucose  (20  ee.  50%  solution)  into  femoral  vein  catheter 

extremity.  Extrapolation  from  finger  plethysmography  to  the  total  peripheral  blood  flow 
in  a  larger  vascular  bi'd  seems  unwarranted. 
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PHARMACOLOGICAL  CHARACTERISTICS  OF  NEUROHYPOPHYSIAL 
HORMONES  FROM  A  MARSUPIAL  {DIDELPHIS  VIRGIXI.W.i)  AND 
A  MONOTREME  {T.WHYGLOSSUS  (ECIIXIDXA)  .\CULE.\TUSy 

ABSTR.\CT 

The  neurohypophysis  of  an  opossum  (Didelpkis  virginiana)  and  a  whole  pituitary 
from  a  spiny  anteater  {Tachyglossus  aculeatus)  were  extracted  and  subjected  to 
selected  biological  assays.  The  results  suggest  that  these  pituitaries  contain  arginine 
vasopressin  and  oxytocin.  They  resemble,  therefore,  the  typical  mammalian  j)itui- 
tary  rather  than  that  of  reptiles  or  birds. 

.Vrginine  vasopressin  appears  to  be  the  vasopressor-antidiuretic  principle  in  the 
ntnirohj’poph3'scs  of  all  placental  mammals  that  have  been  studied  with  the  exception 
of  the  pig,  which  has  Ij’sine  vasopressin  instead  (1).  The  vasopre.ssor  and  antidiuretic 
principle  in  neurohj-pophj-sial  extracts  from  birds  and  reptiles  differs  from  the  vasopres¬ 
sins.  It  has  pharmacological  properties  indistinguishable  from  those  of  arginine  vasotocin 
(S-arginine  oxx'tocin)  (2,  3).  This  analogue  of  the  mammalian  neurohj’pophysial  hormones 
was  synthesized  b\’  Katsoj-annis  and  du  Vigneaud  (4)  and  generously  suppliefl  to  us 
for  pharmacological  studj-.  We  have  tcntativ'elj’  identified  arginine  vasotocin  in  pituitarj^ 
extracts  from  the  chicken  (2),  a  turtle  (3)  and  a  crocodilian,  the  caiman  (unpublished). 
Its  jiresence  in  species  from  three  such  divergent  lines  of  reptilian  evolution,  as  well  as 
in  amphibians  (3),  strongly  suggests  that  this  peptide  was  also  present  in  the  reptilian 
ancestors  of  the  earlj^  mammals. 

It  is  of  interest,  therefore,  to  investigate  the  neurohypophy’sial  hormones  of  surviving 
non-i)lacental  mammals  in  an  attempt  to  define  more  precisely  the  location  in  vertebrate 
phylogeny  at  which  arginine  vasopressin  displaced  arginine  vasotocin  as  the  vaso- 
prcssor-antidiuretic  principle  of  the  neurohypophj’sis. 

.V  single  neurohvpophj’sis  from  an  adult  male  opossum  {Didelphis  virginiana)  col¬ 
lected  locallj'  was  deh\"drated  in  acetone,  desiccated,  and  extracted  in  0.3%  acetic  acid 
by  immersion  for  5  minutes  in  boiling  water.  The  extract  was  centrifuged  and  the 
supernatant  was  sealed  in  ampules  and  refrigerated.  A  similarly'  desiccated  whole  jiitui- 
tary  from  an  echidna  {Tachyglossus  aculeatus)  was  kindly  prepared  for  us  by  .Mrs. 
Margery'  Alltoft  of  the  Department  of  Physiology,  University  of  Melbourne,  and  mailed 
to  us  in  a  sealed  ampule.  The  dry'  weight  of  this  pituitary  was  20.9  mg.  It  was  ground 
and  extracted  in  the  same  manner  as  the  opossum  neurohypophysis. 

Both  extracts  were  assayed  by'  methods  that  are  described  elsewhere  (1,  2,  5,  6). 
The  results  are  shown  in  Table  1.  The  activities  of  synthetic  arginine  vasotocin,  and  of 
highly  purified  arginine  vasopressin,  lysine  vasopressin,  and  oxytocin  on  these  assays 
an  included  as  bases  for  comparison. 
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Tabi.e  1.  Activities  of  opossi  m  and  echidna  extracts  and  of 

NECROIIYPOPHYSIAI.  HORMONES  ON  SELECTED  ASSAYS 


Assjiyst 


Preparation 

Rat  vasojircssor 

Hat  uterus 
(no  magnesium) 

Hen  oviduct 

Frog 

bladder 

Opossum  extract 
Units/gland 

1 .16 (0.92-1 .35) 

0.:59  (().:52  0.48) 

0.(55  (0.47-0.88) 

«5 

Echidna  extract 
I'nits/gland 

1 .02 (0.86- 1 . 19) 

0.31  (0.2,5  0.38) 

1 .06  (0.96  1 .17) 

<2 

.\rgininc  vasotocin 
I'nits/mg. 

64  (62-67) 

:57  (34  41) 

610 

10,000 

.Vrgininc  vasojiressin* 
I'nits/mg. 

300 

9 

240 

70 

Lysine  vasojiressin* 
Units/mg. 

200 

5 

1.5 

<5 

( Ixytocin* 

I'nits/mg. 

i 

420 

25 

3(i0 

*  Hifjhly  purified  iiatural  horiiioiies  kindly  supplied  by  Dr.  du  Vigiii^aiid  and  his  eo-\vork- 
ers.  Ilinhi'r  absolute  poti'iieies  have  been  observed  in  other  pri'parations  of  these  pejitides. 
t  P'iRure  in  parentheses  are  9o%  eonfidence  limits. 


InsiieetioH  of  the  ndative  activities  of  botli  extracts  allows  a  tentative  identification 
of  the  active  priiieiides.  It  is  clear  that  neither  extract  could  owe  its  vasopre.ssor  activity 
to  arginine  vasotocin  since  then'  is  relatively  low  activity  on  the  hen  oviduct  and  frofj 
bladder  assays.  On  the  other  hand,  the  oxytocin  that  is  believed  to  be  jireseiit,  as  in- 
ilieated  by  the  rat  uterus  as.say,  is  inadeijuate  to  explain  the  activity  of  either  extract  on 
the  hen  oviduct  assay.  If  the  hen  oxytocic  activity  is  due  to  a  vasopressin  it  must  be 
arginine  vasojiressin. 

The  marsu])ial  and  the  inonotreine  jiituitaries  examined,  theri'fore,  appear  to  be 
tyjiically  mammalian  in  character,  containing  oxytocin  and  arginine  vasopressin.  Thi> 
would  indicate  that  arginine  vasopressin  made  its  appearance  ver\’  early  in  mammalian 
evolution,  eitlu'r  in  the  reptilian  stock  from  which  mammals  descended  or  in  a  very 
early  mammalian  ancestor  common  to  monotremes,  marsujiials  aiul  placental  mammals. 

Wilbur  H.  Sawyer,  Robert  .V.  Munsick- 
ANi)  H.  H.  VAX  Dyke 

Department  of  Ptiarmnrologn 
College  of  Pligsirians  and  Surgeons 
Col  u  m  bin  I '  n  iversitg 
Xew  York 

REFERENCES 

1.  VAX  Dyke,  H.  R.,  K.  .Vda.msoxs,  .Jr.  axd  S.  L.  Exgel:  Proe.  Sth  Colston  Peseari  'i 

Sor.  Sgmposium  j).  (io,  1957. 

2.  Muxsick,  R.  \.,  \\.  H.  Sawyer  axd  H.  R.  vax  Dyke:  Endocrinology  in  press. 

3.  Sawyer,  W.  H.,  R.  .\.  Muxsick  axd  H.  R.  vax  Dyke:  Xature  184:  14(54.  1959. 

4.  Kat.soyaxxis,  P.  G.  axd  V.  du  Vigxeaud:  J.  Biol.  Chem.  233:  1352,  1958. 

5.  Sawyer,  W.  H.:  Endocrinology  66:  112,  1960. 

6.  Muxsick,  R.  .\.:  Endocrinology  66:  451,  1960. 

^  .losiah  Macy,  Jr.  Foundation  Fellow,  at  present  in  the  Department  of  Obstetri'  -> 
and  Gynecology,  Columbia  University. 
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Department  of  Physiology,  University  of  Chicago,  Chicago 

“Just  wliat  are  we  doiiis  here,  spinning  on  a  tilted  jilanet  swinfiin}; 
round  a  star? — We  ean  look  at  the  problem  in  two  ways.  What  does 
a  sun  amount  to  without  a  living  planet  to  nourish  at  its  side,  and 
what  is  a  living  In'ing  that  we  should  i)it  its  worth  against  a  stellar 
furnaee  and  the  universe  at  large?’’ 

X.  J.  liKKRILL- 

than  two  hundred  years  ago  on  a  planet  of  a  eertain  star  an  in- 
iVX  tellifrent  raee  of  heiiiKs  learned  how  to  manufaeture  anti-matter  in 
gteat  (piantity,  hut  laeked  effeetive  means  of  keeping  it  apart  from  the 
natural  kind.  The  eomplete  release  of  nuelear  energy  that  ensued  exploded 
tlie  entire  solar  system  of  the  star  and  eonverted  some  of  its  .suhstanee  into 
eh'inentary  partieles. 

In  the  year  1S<S7,  a  neutron,  spinning  and  twisting  away  from  the  eosmie 
explosion,  passed  through  the  left  gonad  of  Orville  Diorets,  a  elergyman  in 
a  small  eomnumity  of  southern  Iowa,  as  he  bent  over  an  iee  eream  freezer 
at  a  chureh  .social.  The  Reverend  Diorets  was  unaware  of  the  event  which 
modified  the  chemi.stry  of  a  gene  in  a  .single  sperm  cell.  The  mutation  was 
not  suh.sequently  revealetl  in  his  .son,  who  became  a  rural  mail  carrier,  but 
his  grandson,  Percy  T.  Diorets,  bore  testimony  to  this  rare  event — a  muta¬ 
tion  which  eidianced  the  ability  of  the  brain  to  function  creatively. 

Percy  T.  Diorets,  born  in  the  BK^O’s,  was,  like  the  rest  of  us,  highly  im¬ 
probable.  He  was  to  become  a  gifted  scholar,  but  we  cannot  explain  him 
solely  in  terms  of  his  genetic  history.  At  the  fetal  age  of  five  months  he 
was  almost  aborted.  The  fetus  that  was  to  be  christened  Percy  struggled 
with  a  trace  of  purpo.se  to  remain  sheltered.  lOither  because  of  or  in  spite 
of  his  mother  being  treated  with  proge.sterone,  an  abortion  did  not  occur, 
hut  this  prenatal  experience  imprinted  the  mind  of  Percy  T.  Diorets  with 
a  fear  of  the  outside  world.  And  the  outer  world  did  indeed  build  upon  this 
psychic  trauma  of  prenatal  life,  first  with  the  l)irth  shock  and  again  at  the 
age  of  four  months,  when  he  developed  an  incestuous  desire  for  a  maiden 
aunt  who  made  and  sold  hats.  Such  were  the  events  which  established 
hidden  fears  and  wants  in  Percy,  which  in  an  Adlerian  .sen.se  reinforced 
his  drives  to  creativity. 

i{(‘C('iv(‘(t  .\pril  2S,  lOfiO. 

I’rv.sidpntial  addr(‘.s.s  given  at  the  1900  meeting  of  the  Endocrine  Society. 

You  and  the  Universe.  Dodd,  Mead  &  Co.,  N^ew  York,  1958. 
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The  intellectual  gifts  of  Percy  T.  Diorets  were  not  unnoticed  by  his 
family  and  friends.  As  a  youth  he  appeared  briefly  on  a  national  television 
quiz  show  but  was  defeated  by  a  taxi  driver  who  had  committed  to  mem¬ 
ory  the  political  platforms  of  both  major  parties  for  each  presidential  year. 
Scholarship  aids  came  to  Percy,  and  his  undergraduate  years  mingled  bore¬ 
dom  with  occasional  inspiration  by  a  great  teacher.  Happily,  his  interest." 
were  inner-directed,  and  he  probed  here  and  there  into  the  great  books  of 
science  and  philosophj’. 

But  at  this  time  of  youth  Percy  was  not  yet  safely  on  the  way  to  .succe.ss. 
During  his  senior  year  of  college  he  met  and  instantly  loved  Mrala  Noitcaer. 
Mrala  was  a  delight  to  the  viscera.  Her  curves  bespoke  a  perfect  endocrine 
balance,  her  hair  was  like  spun  circus  candy,  her  eyes  were  green  and 
slightly  wicked  like  a  pubescent  kitten’s,  her  lips  tasted  like  strawberry- 
soda,  and  she  had  one  brain  cell.  For  a  time  Mrala  responded  instinctively 
to  Percy  as  to  any  human  male  animal,  but,  alas,  he  could  not  meet  the 
competition  he  faced  from  Alvin  Sitset.  Alvin  was  older  than  Percy.  He 
ran  a  delicatessen  for  his  aging  father.  Good  fortune  had  avoided  him  until 
the  day  he  discovered  in  the  vegetable  bin  a  rutabaga  which  clo.sely  resem¬ 
bled  the  great  senator  Wolbdnalley.  Alvin  appeared  on  a  .series  of  radio 
and  television  programs  and  was  interviewed  for  his  opinion  on  foreign 
policy.  Fame  appealed  to  Mrala,  so  she  married  Alvin. 

On  the  rebound  Percy  became  temporarily  devoted  to  Olga  Xegordna,  a 
muscular  intellectual  with  hirsutism.  Olga  was  secretary  of  a  small,  noi.sy 
group  of  student  communists.  Percy  was  not  affected  by  this  political 
philosophy,  but  he  admired  Olga  because  she  was  intelligent  and  pro¬ 
fessed  to  love  humanity.  He  abandoned  her  upon  discovering  that  slu* 
hated  people. 

As  Percy  ricocheted  from  this  second  encounter,  another  accident  had 
an  important  effect  upon  his  life.  He  was  struck  down  in  a  corridor  of  th(' 
univ'ersity  ho.spital  by  a  hot-food  cart.  A  simple  fracture  of  the  tibia  placed 
him  in  a  hospital  bed  where  he  was  comforted  and  held  by  a  gentle,  comely 
student  nur.se  who  had  identified  Percy  as  good  hu.sband  material.  Six' 
was  a  perfect  mother  image.  They  were  married,  and  for  the  rest  of  his  lih; 
Percy  lived  happily  with  her. 

Since  we  are  endocrinologists,  let  us  digress  for  a  moment  and  see  what 
happened  to  Olga.  Her  endocrinopathy  was  diagnosed  and  succes.sfull  • 
treated  at  the  University  of  Iowa  hospital,  where  physicians  and  some  well 
known  anatomists  have  done  well  at  this  sort  of  thing.  Removal  of  gonad  - 
which  did  indeed  contain  interstitial  cells,  some  plastic  surgery  and  appn  - 
priate  therapy  with  estrogens  transformed  Olga  into  a  desirably  shape  i 
female  who  now  abandoned  her  political  interests.  Seeking  a  more  frivoloi  ' 
existence  she  tran.";ferred  to  the  University  of  Wisconsin  where,  in  tl  * 
spring  of  her  senior  year,  .she  became  Queen  of  the  May. 

As  did  many  of  us,  Percy  T.  Diorets  searched  his  soul  to  make  a  choic  ‘ 


'ly,  1960 


PRESIDENTIAL  ADDRESS 


141 


'•  ''tween  a  research  career  and  that  of  a  physician.  Said  his  most  revered 
1  acher:  “Man  has  no  higlier  activities  than  these:  the  search  for  trutli 
;  id  the  healing  of  the  sick.”  But  the  basis  for  decision  had  been  built  into 
1  rev’s  nature.  When  given  a  taste  of  research,  his  interest  flared  and 

I  lined  brightly  until  it  was  smothered  by  his  fellow  scientists. 

Percy  applied  for  and  was  awarded  a  fellowship  at  another  university 
t  do  graduate  study  under  the  great  Professor  Suopmop.  The  professor 
t.  iveled  much,  he  aided  deci.sions  at  high  levels,  he  made  frequent  pro- 

II  iincements  to  the  press,  he  could  be  found  at  or  near  the  front  of  the 
a  ulemic  procession  at  each  commencement,  but  he  was  seldom  in  the 
1;  loratory.  Only  the  oldest  animal  caretaker  could  remember  when  Pro- 
fi  sor  Suopmop  had  done  an  experiment  with  his  own  hands. 

I^ercy  foundered  for  a  time  in  the  professor’s  lab,  but  perhaps  it  was 
good  fortune  that  he  was  left  alone.  Certainly  it  was  fortuitous  when  a 
n.cdical  student  assigned  to  assist  him  happened  to  section  the  xyphoid 
piocess  of  a  rat  and  inquire  about  the  nature  of  some  nests  of  non-carti- 
laginous  cells  he  observed  under  the  microscope.  “These  could  be  secretory 
c(ils,”  thought  Percy.  He  removed  the  xyphoid  process  from  each  of  a 
dozen  rats  and  ob.served  a  fascinating  result — the  tail  ceased  to  grow.  A 
year  of  rewarding  research  followed.  By  the  end  of  it  Percy  had  an  extract 
which,  crude  as  it  was,  not  only  normalized  tail  growth  in  xyphoidecto- 
mized  rats  but  .stimulated  tails  to  grow  to  abnormal  lengths.  He  named  the 
principle  Xyloxin  and  reported  the  re.sults  for  the  first  time  to  the  great 
man.  Professor  Suopmop  received  the  news  with  disbelief  and  then,  since 
the  evidence  was  a  convincing  tail,  with  great  excitement.  “I  have  been 
invited  to  address  the  Academy  of  Science  Writers  on  current  advances  in 
endocrinology,”  he  said.  “May  I  tell  them  about  this  work?”  Percy  happily 
agreed  and  began  to  wait  anxiously  for  news  of  the  report.  “Professor 
Suopmop  Discovers  New  Hormone — Possible  Key  to  Cause  of  Cancer,” 
announced  the  headlines.  Percy  read  the  somewhat  garbled  reports.  His 
name  did  not  appear.  The  professor,  when  he  returned,  said,  “I  shall  see 
to  it  that  you  are  elected  to  Sigma  Xi,”  and  he  took  active  charge  of  the 
project.  When  the  results  were  published  in  a  scientific  journal,  the  name 
Diorets  did  appear  with  that  of  Suopmop,  but  somehow  the  latter  con¬ 
tinued  to  receive  the  credit.  Percy  was  sometimes  photographed  with  the 
professor.  He  was  always  identified  as  a  student  or  a  lab  assistant.  Under 
the  direction  of  Profe.ssor  Suopmop  the  work  went  badly  for  a  time,  but 
he  brought  into  the  team  a  competent  biochemi.st  and  then  organic  chem¬ 
ist-  as  the  hormone  was  purified.  Identification  and  synthesis  followed. 
Honors  came  to  the  Professor  in  abundance.  Percy  gained  only  reflected 
glory.  Somewhat  bitter,  he  con.sidered  transferring  to  another  institution, 
hu<  it  was  Profe.ssor  Suopmop  himself  who  left,  to  become  president  of  a 
gn.it  Foundation.  “I  am  sorry  to  leave  the  laboratory,”  he  said  to  Percy, 
“^'y  pioneering  days  are  over.” 
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Percy,  now  possessing  an  advanced  degree,  remained  in  tlie  laboratory 
as  a  research  associate  and  then  as  an  assistant  professor.  Again  almost 
completely  free  to  explore  his  own  research  interests,  his  gift  for  inquiry 
flourished,  and  in  most  seasons  it  flowered.  These  were  the  golden  yeai> 
during  which  he  experienced  the  ex(iuisite  torture  of  the  restless,  inquirin|i 
mind. 

But  Percy  T.  Diorets  was  also  human.  His  vague  hunger  for  security 
approbation,  and  power  had  been  sharpened  l)y  closeness  to  the  fame  that 
had  flirted  with  him.  So  he  accepted  the  increased  responsibilities  that 
insidiously  accrue  to  successful  men  as  they  grow  older.  He  became  an 
important  scientist  and  eventually  held  a  chair  of  biochemistry.  Within  hi- 
university  he  served  on  committees  by  the  dozen.  He  became  chairman  of 
the  committee  on  student  parking.  During  an  average  year  his  variou> 
university  committees  considered  131  problems  and  solved  8  of  them.  The 
societies  in  which  he  held  membership  showed  the  same  tendency  to  metas¬ 
tasize  into  committees.  One  society  had  77  separate  committees,  including 
two  on  the  organization  and  scheduling  of  committees. 

Percy  lived  his  life  among  others  who  were  unlike  our  image  of  the  ideal 
scientist.  Some  were  publication  mad;  others,  a  smaller  number,  worked 
unceasingly  to  accumulate  data  which  they  never  pul)lished.  Some  did  not 
work  at  all,  either  because  they  had  achieved  security  or  because  of  vagiu* 
or  unconscious  fears,  they  automatically  rejected  each  research  plan  as 
untenable.  There  were  many  who  suffered  mental  anguish  and  exhibited 
strong  defensive  behavior  whenever  a  cherished  belief  was  challenged. 
Percy  shared  with  many  of  his  fellows  a  drive  for  power  over  others,  which 
led  to  intense  and  sometimes  savage  competition  for  material  rewards 
and  prestige.  A  lonely  man,  he  longed  for  friendships  that  he  did  not  know 
how  to  attract.  He  knew  the  following  poem  on  friendship  by  Dinah  Maria 
Muloch  Craik,  a  poem  which  had  been  appreciated  in  earlier  years  l)y 
Fuller  .\ll)right,  John  Browne  and  Perry  McCullagh. 

Oh,  tho  comfort,  the  inexpressible  comfort 
Of  feeling  safe  with  a  person, 

Having  neither  to  weigh  tlioughts 
Nor  measure  words. 

Hut  jjouring  them  all  out 
Just  as  they  are, 

Chaff  and  grain  together; 

Certain  that  a  faithful  hand 
Will  take  them  and  sift  them 
Keep  what  is  worth  keeping 
And  with  a  breath  of  kindness. 

Blow  the  rest  away. 

Since  he  was  a  member  of  a  medical  school  faculty,  he  watched  year  1  y 
year  the  always  amazing  metamorphosis  of  students  into  physicians  ai  1 
surgeons.  The  change  was  not  complete  in  all.  Some  remained  brash  ai  d 
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M(le — never  fully  concealing;  their  aggressions  toward  patients  and  col- 
’  agues.  Others  went  on  to  specialize  in  diseases  of  the  rich.  But  many  be- 
(  line  gentle,  compassionate,  and  wise.  Percy  T.  Diorets  envied  those  who 
I  id  learned  to  practice  the  art  of  science  of  healing. 

Percy  also  became  a  consultant  to  various  granting  agencies.  He  learned 
1  e  importance  of  linking  each  grant  application  to  a  disease  and  of  pro- 
1  ising  projects  that  promised  to  yield  to  investigation — and  of  never,  never 
i\  king  for  funds  to  test  a  daring  idea  when  there  was  obvious  risk  of  failure. 

'  iicse  had  to  be  kept  in  the  (juiet  of  the  scientist’s  own  mind  and  .studied 
1  hind  the  closed  doors  of  the  laboratory  until  the  pilot  experiment  either 
f.  '.led  or  until  the  value  of  further  .study  could  be  documented. 

Percy  understood  that  most  of  the  great  foundations  and  the  granting 
agencies  of  government  do  appreciate  the  importance  of  freedom  of  iiujuiry 
b  it  that  collectively  man  has  never  learned  how  to  deal  efficiently  with 
ii>  w  ideas.  He  observed  that  some  scientists,  having  mastered  the  art  of 
pt'isua.sion,  can,  by  claiming  great  discoveries  and  by  promising  much, 
olitain  re.search  funds  for  projects  that  could  not  be  successfully  defended 
by  the  average  scientist.  Many  became  big-time  operators  and  .strove 
mightily  to  become  .super-big-time  operators.  At  this  time  in  his  life,  Percy 
T.  Diorets  knew  that  the  research  operation,  that  aims  for  maximum  .size 
and  frequent  research  reports,  does  not  always  achieve  (}uality.  He  watched 
with  mi.sgivings  the  development  of  giant  screening  programs  based  on  the 
philosophy:  “Make  a  compound  and  then  .search  for  a  di.sease  that  it  will 
cure.”  He  believed  screening  to  have  some  worth,  and  it  might  by  chance 
lead  to  cures  of  one  or  more  important  diseases.  But  sometimes  he  was 
distressed  upon  reflection  that  the  cost  of  such  programs,  apart  from  the 
ajipropriations  alone,  included  an  ine.stimable  loss  as  a  con.sequence  of  the 
man-power  diverted  from  basic  research  whicli  might  some  day  bring  in- 
.sight  into  the  camses  of  the  great  diseases. 

Percy  did  encourage  a  rational  approach  to  the  problems  of  disease  in 
his  own  department.  There  was  among  his  post-doctorate  fellows  a  bril¬ 
liant  organic  chemist  who  proposed  the  synthesis  of  a  steroid  having  a  side 
chain  shaped  like  a  crab.  Why  young  Boris  Cigol  expected  this  compound 
to  block  the  growth  of  cancer  was  not  clear,  but  he  had  faith  in  the  idea 
ami  he  synthesized  the  compound — the  year  was  1984 — and  named  the 
result  Crabamine.  Sure  enough,  it  inhibited  the  growth  of  radiation-in¬ 
duced  carcinomas  in  the  .sacred  baboon  which  had  replaced  the  mouse  as 
the  favorite  experimental  animal  of  cancer  researchers.  Professor  Diorets 
was  delighted  when  he  learned  of  the  results.  “I  have  been  invited  to 
addre.ss  the  International  Cancer  Society  Sympo.sium  in  Rangoon,”  said 
he.  “May  I  report  your  di.scovery  to  them?”  Young  Boris  Cigol  happily 
ajireed.  “Savant  announces  Cure  for  Cancer!”  proclaimed  the  papers. 
Percy  was  at  first  deeply  worried  by  the  exaggerated  news  reports  and  also 
w;  s  concerned  a  bit  by  the  fact  that  his  young  colleague  was  not  receiving 
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credit  for  the  work  and  was  very  hurt  by  the  lack  of  recognition.  Crabamiin 
turned  out  indeed  to  have  therapeutic  value  in  treating  cancer  and  wa^ 
widely  recognized  as  a  great  contribution,  and  credit  continued  to  conK 
to  the  older  man.  Percy  did  not  intend  to  be  unjust;  his  own  early  expe 
rience  with  Professor  Suopmop  still  rankled.  “But,”  thought  he,  “I  gav< 
this  young  man  his  chance  in  the  laboratory.  I  stood  by  him  when  he  wa- 
confused  and  clumsy.  I  started  him  on  this  general  line  of  research,  am! 

I  provided  the  place  and  funds  for  the  research.  I  have  given  credit  pub¬ 
licly  to  my  colleague  and  have  permitted  him  to  publish  as  senior  autlun 
This  young  man  is  an  ingrate.” 

Percy  T.  Diorets,  already  a  well  known  scientist,  was  famous.  Awards 
and  honorary  degrees  came  to  him.  He  moved  from  his  university  post  to 
become  director  of  a  great  institute;  he  was  now  a  super-big-time  operator. 
Public  relations  and  raising  funds  became  his  full-time  job.  He  did  work 
at  research  policy  but  relied  heavily  on  committee  planning.  His  institute 
did  programmatic  research.  It  was  a  productive  program  although  no 
great  discoveries  came  from  it. 

Among  his  most  respected,  and  perhaps  envied,  fellow  scientists  was  a 
great  clinical  and  laboratory  investigator  who  directed  a  small  research 
institute.  This  man  had  but  a  half-dozen  senior  staff  members,  every  one 
original  and  creative.  Said  the  director  to  each  member  of  his  staff,  “You 
have  no  duties  here,  only  opportunities.”  The  director  did  not  direct;  he 
believed  in  freedom  of  inquiry.  With  a  business  manager  to  free  him  from 
non-scientific  activities,  the  director  too  spent  his  time  in  the  laboratory. 

Percy  T.  Diorets,  a  gifted  scientist,  was  not  a  wise  director  of  research, 
although  he  was  moderately  good.  Power  and  recognition  did  have  appeal 
for  him,  and  he  did  not  actively  resist  the  forces  that  separated  him  from 
the  laboratory  in  spite  of  knowing  that  inquiry  itself  is  a  higher  form  of 
human  activity  than  is  administration.  Percy  had  heard  this  once  as  a 
young  man. 

As  the  years  passed,  Percy  T.  Diorets  began  to  experience  vague  feelings 
of  dissatisfaction  with  his  life.  He  still  received  approbation  from  many 
sources,  sometimes  from  men  who  feared  his  power  or  from  others  who 
sought  his  aid.  There  were  enemies  too — among  them  more  than  one  former 
student.  He  was  getting  old,  no  denying  that. 

“Ivy,  ivy  on  the  wall 
When  your  leaves  begin  to  fall 
Do  you  find  the  will  to  cling 
Nourished  by  a  dream  of  spring?”® 

No,  Percy  did  not  really  want  to  relive  his  life.  At  least  he  was  not  co  i- 
scious  of  such  a  wish.  But  there  was  a  feeling  that  he  had  not  made  t  le 
most  of  it  and  that  opportunities  for  discovery  would  not  come  aga  i. 


From  unpublished  verse  by  David  J.  Ingle. 
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erhaps  this  was  the  male  climacteric  or  even  an  “adrenopause” — he  had 
!  'aid  the  word  freiiuently  in  his  student  days  but  almost  never  again. 

*  *  * 

We  will  not  dwell  on  the  aging  and  eventual  demise  of  this  great  man 
'  'lo  lived  a  sometimes  happy,  sometimes  tortured  life  which  seemed  to 
1  ve  been  influenced  so  frequently  by  chance.  (Or  is  chance,  as  Pope  has 

id,  “Direction  which  thou  canst  not  see”?)  Let  us  instead  consider  the 
Miiiificance  of  his  life. 

If  we  reflect  upon  the  size  of  the  universe,  the  existence  of  human  life 
(  even  of  the  small  planet  upon  which  we  live  seems  of  little  moment. 

(  ir  solar  system  is  a  part  of  a  galaxy  which  is  100,000  light  years  in  diam- 
c  'r.  Our  galaxy,  the  Milky  Way,  is  one  of  a  billion  estimated  to  be  within 
r  iige  of  the  light  telescope.  There  is  no  compelling  reason  to  assume  that 
('  on  the  largest  radio  telescopes  now  planned  will  probe  to  the  edges  of 
ti  e  universe. 

But  if  we  examine  the  evolution  of  the  universe,  man  does  become  im¬ 
portant.  There  is  mystery  enough  about  the  inorganic  stuff  of  which  the 
world  is  made  and  how  it  evolved  into  systems.  But  when  systems  became 
alive,  the  order  of  complexity  became  far  greater  than  that  of  matter  which 
does  not  live.  There  is  so  much  to  wonder  about  the  nature  of  a  single  cell, 
how  it  grows  and  replenishes  itself,  how  cells  come  to  live  together  and  to 
evolve  specialization  of  functions.  Of  course  some  may  prefer  the  cold 
lieauty  of  the  stars  to  that  of  a  rose,  but  it  is  distance  that  lends  enchant¬ 
ment  to  these  great  thermonuclear  storms.  The  emergence  of  the  nervous 
system,  social  organization,  awareness,  and  finally  of  man  himself,  who 
can  dream  and  plan  and  reflect  on  his  nature  and  exhibit  altruism,  surely 
represents  a  higher  and  more  important  part  of  nature  than  the  great 
masses  of  elementary  particles  and  elements  which  make  up  so  much  of 
the  universe.  Man  deserves  respect  for  being  alive — and  some  men  greater 
respect  for  having  become  creative. 

Percy  T.  Diorets  was  one  of  these.  Society  did  not  make  the  best  pos¬ 
sible  use  of  his  genius,  but  there  was  no  better  time  before  his  for  a  gifted 
man  to  live.  From  the  standpoint  of  evolutionary  biology,  we  do  not  rant 
at  the  errors  of  nature  or  at  the  tooth-and-claw  way  that  has  not  been 
completely  lost  from  the  human  brain.  Rather  we  wonder  at  the  positive 
acliievements  of  nature  and  its  greatest  gift  of  all — the  capacity  of  man  to 
control  his  own  future  even  though  error,  chance,  and  risks  are  still  a 
part  of  nature  and  the  evolutionary  process. 


THE  ENDOCRINE  S0CIP:TY 
CITATIONS  FOR  THE  1900  AWARDS 
The  Endocrine  Medal 

The  P^red  Conrad  Koch  Award  is  the  honor  of  highest  distinction  con¬ 
ferred  by  the  Pindocrine  Society.  In  presenting  tliis  medal  to  Professcr 
Phnil  Witschi,  the  Society  pays  tribute  to  a  man  who  is  both  a  pioneer  and 
active  contributor  to  the  field  of  sex  embryology  and  endocrinology. 

Horn  in  an  Alpine  valley  near  Bern,  Switzerland,  Phnil  Witschi  devel¬ 
oped  early  a  fascination  for  the  variety  of  animals  with  whom  he  shared 
his  pastoral  surroundings.  This  interest  in  natural  history  was  nurtured 
under  tlie  tutorial  guidance  of  the  classical  emliryologist,  Ricliard  Hertwig, 
with  whom  Professor  Witschi  prepared  for  his  doctorate,  awarded  by  the 
ITiiversity  of  Munich  in  1913.  His  indoidrination  as  a  naturalist  and  his 
recognition  of  the  importance  of  comparative  biology  in  tlie  understand¬ 
ing  of  embryologic  and  physiologic  events  liave  led  him  to  range  broadly 
in  his  investigations  of  gonadal  and  other  endocrinologic  problems.  Con¬ 
tained  in  his  abundant  scientific  bibliography  are  studies  on  more  than  30 
ditl'erent  animal  forms,  ranging  from  invertebrates  to  man  and  including 
such  unusual  creatures  as  the  Western  banded  gecko,  African  bishop  birds, 
the  nine-banded  Armadillo  and  the  diamond-back  terrapin.  Few  learned 
societies  have  the  privilege  of  honoring  a  colleague  with  achievements  so 
diversified  as  to  include  the  identification  of  a  sub-species  of  frog,  descrip¬ 
tion  of  ear  development  for  underwater  hearing,  the  analysis  of  nuptial 
plumage  in  African  birds,  and  the  .study  of  sex  behavior  of  herring  gulls. 
The  broad  scope  of  his  work  is,  itself,  a  tribute  to  his  zealous  scientific 
curiosity,  pursued  with  endless  vitality  and  with  the  highest  degree  of 
competence. 

The  name  of  Witschi  is  identified  most  intimately  with  the  inductor 
theory  of  sex  differentiation,  formulated  and  proposed  by  him  in  1914.  In 
those  early  years  his  studies  on  the  process  of  sex  differentiation  in  Rana 
temporaria  led  him  to  the  realization  that  all  embryos  and  primordial 
germ  cells  are  bipotential  and  that  several  factors,  both  genetic  and  non- 
genetic,  decide  the  alternative  of  male  or  female  differentiation.  He  dem¬ 
onstrated  that  the  embryonic  gonadal  cortex  is  an  inductor  of  female  diftVr- 
entiation  and  the  medulla  an  inductor  of  male  differentiation.  These  c(  n- 
cepts,  formulated  by  Witschi  before  1920  .serve  as  a  basis  for  the  curn  nt 
re-evaluation  of  human  intersexuality — a  development  in  which  he  1  as 
played  an  active  role. 

In  1920  Profe.ssor  Witschi  took  leave  of  his  native  Switzerland  and  lis 
post  as  a  lecturer  at  the  University  of  Ba.sel  to  visit  the  United  States  i  '  a 
Hockefeller  F'oundation  Fellow.  He  .spent  nearly  two  years  in  the  Osb.  rn 
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.  ihoratory  at  Yale,  with  Carl  Moore  at  Chicago  and  Herbert  l<]vans  at 
California.  In  each  laboratory  he  found  a  stimulating  environment  and  a 
eat  interest  in  the  field  of  sex  differentiation.  With  the  empha.sis  on  this 
ea  of  re.search  shifting  from  Kurope  to  the  United  States,  the  decision 
'  )  return  to  this  country  and  assume  American  citizenship  was  a  natural 
le  for  Professor  Witschi  and  in  this  he  was  .supported  by  his  faithful  wife 
lartha.  That  he  has  been  forgiven  his  exodus  from  the  Swiss  scientific 
I  inily  is  evidenced  by  his  appointment,  nearly  twenty  years  ago,  to  the 
r  .vi.ss  Academy  of  Sciences  and  by  the  honorary  Doctor  of  Medicine  de- 
;  ee  conferred  on  him  by  the  University  of  Ba.sel  on  the  occasion  of  the 
.■  lOth  anniversary  of  that  historic  Institution. 

In  America,  Profe.ssor  Witschi  chose  the  beautiful  .setting  of  the  State 
I  iiiversity  of  Iowa,  located  on  the  fertile  rolling  hills  overlooking  the  Iowa 
i^er.  His  appointment  in  1927  as  Professor  of  Zoology  was  destined  to 
a  id  further  luster  to  and  to  maintain  the  prominence  in  endocrine  research 
01  the  department  led  by  W.  W.  Swingle.  Continuously,  Professor  Witschi 
and  his  growing  school  of  Iowa  students  broadened  the  attack  on  the 
problem  of  sex  differentiation  to  include  the  study  of  fishes,  reptiles,  birds 
and  mammals.  As  a  re.sult,  Witschi’s  inductor  theory  has  found  wide- 
s))read  acceptance  as  a  fundamental  principle  in  the  development  of  all 
vertebrate  gonads.  Through  the  years,  he  has  developed  a  truly  remark- 
al>le  laboratory  for  studies  in  comparative  endocrinology.  With  these  fa¬ 
cilities  it  has  been  po.ssible  to  study  many  hormonally  controlled  .sexual 
characteristics  that  extend  beyond  tho.se  found  in  the  usual  .species  of 
lalioratory  animals.  His  studies  on  the  comparative  aspects  of  pituitary 
gonadotrophins  provide  important  fundamentals  for  the  current  activity 
in  this  field.  His  analysis  of  the  hormonal  control  of  feather  and  bill  colora¬ 
tion  in  birds  reveals  basic  considerations  bearing  on  the  evolution  of  endo¬ 
crine  reactions.  His  work  on  temperature-effects  and  over-ripeness  in 
amphibian  eggs  have  been  of  fundamental  importance  in  the  fields  of 
teratogenesis  and  fetal  abnormalities.  xVmong  his  numerous  contrilnitions 
to  the  .study  of  genetics  is  included  the  di.scovery  of  the  chromosomal 
mechanisms  for  sex  inheritance  in  two  different  species  of  amphibia. 

Throughout  this  lifetime  of  devotion  to  scientific  research,  Umil  Witschi 
lias  fulfilled  with  great  conscience  his  respon.sibilities  as  a  member  of  the 
teaching  faculty  of  a  great  State  University.  In  19.55  he  published  his  sec¬ 
ond  book,  an  outstanding  textbook,  entitled.  The  Development  of  Verte¬ 
brates.  Replete  with  original  concepts  and  data,  it  repre.sents  an  important 
contribution  to  the  teaching  of  embryology.  The  first  book  under  Witschi’s 
authorship,  also  prepared  for  students,  appeared  nearly  40  years  earlier 
when,  as  a  teacher  in  the  Science  Gymnasium  of  Basel,  he  wrote  and  illu.s- 
tr  tted  a  delightful  volume  entitled.  The  Land  Animals.  Intended  to  inspire 
in  his  young  .students  an  intere.st  in  biology,  this  book  .served  also  as  an 
outlet  for  his  artistic  inclinations.  With  this  volume,  Witschi  purged  him- 
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self  of  a  lingering  idea  to  foresake  science  in  favor  of  a  career  in  the  graphi( 
arts.  Those  who  have  observed  his  classroom  lectures,  which  might  wel 
serve  as  sketching  lessons  in  a  school  of  fine  arts,  will  recognize  that  he  ha> 
succeeded  in  pursuing  both  courses. 

By  virtue  of  the  achievements  that  have  been  cited  and  numerous  other- 
that  are  omitted  here  for  the  sake  of  brevity,  Emil  Witschi  is  amply  quali 
fied  to  receive  this  coveted  award.  Not  to  be  omitted,  however,  is  recogni 
tion  of  his  invaluable  service  to  the  field  of  endocrinology  through  tin 
inspiration  he  has  provided  to  young  scientists.  He  has  advised  and 
guided  over  forty  men  and  women  to  the  Ph.D.  degree  and  many  othei’ 
young  investigators  whose  researches  border  on  his  interests  have  profited 
from  his  consultation,  encouragement  and  .suggestions.  This  boundless 
fervor  to  broaden  the  horizon  of  scientific  understanding  characterizes 
Emil  Witschi.  His  continuing  activity  in  re.search  and  teaching  will  con¬ 
tribute  toward  a  further  expansion  of  this  horizon. 

CiBA  Aw^ard 

Dr.  Don  Harry  Nelson: 

The  p]ndocrine  Society  is  plea.sed  to  present  to  you  the  19(10  Ciba  Award. 

This  is  given  in  acknowledgment  of  your  distinguished  contributions  to 
man’s  knowledge  of  the  functions  of  the  adrenal  cortex.  The  precision  and 
inci.sivene.ss  of  these  highly  original  studies  have  established  you  as  the 
one  of  most  gifted  young  investigators  in  endocrinology. 

You  have  provided  a  chemical  technique  for  the  direct  study  of  the 
circulating  adrenal  hormones.  You  have  devised  a  method  for  obtaining 
hormone-rich  blood  directly  from  the  adrenal  gland  and  have  shown  that 
the  hormone-content  of  .such  blood  collected  clo.se  to  the  gland  greatly 
exceeds  that  found  in  the  peripheral  blood.  This  finding  alters  our  concept 
of  the  “milieu  interieur”  as  a  homogenous  invironment  and  .shows  that 
this  internal  environment  has  within  it  many  internal  pools  and  eddies. 

You  have  developed  a  method  which  permits  the  assessment  of  the 
amount  of  ACTH  in  peripheral  blood,  thus  adding  much  to  our  ability  to 
analyze  the  basic  mechanisms  involved  in  disease  states  affecting  tlie 
pituitary-adrenal  axis. 

You  have  participated  in  vital  phases  of  the  earliest  studies  on  the  non- 
hormonal  agents  capable  of  suppressing  adrenocortical  function  in  animtils 
and  man. 

You  have  described  the  development  of  pituitary  tumors  in  previou.<!y 
adrenalectomized  patients  and  have  characterized  their  endocrine  ai  d 
metabolic  effects  upon  the  host. 

Careful  observer,  able  investigator,  competent  physician  and  amial  le 
colleague — we  hail  you  and  commend  you  and  in  affection  and  esteem  ^  e 
herewith  pre.sent  to  you  the  Endocrine  Society’s  Ciba  Award  for  1960. 
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Upjohn  Scholar 

The  Upjohn  Scholar  for  1960  is  Charles  R.  Kleeman.  Dr.  Kleeman  was 
1  rn  in  Los  Angeles,  California  on  August  19,  1923.  He  obtained  his  col- 
1(  date  training  at  the  University  of  California,  and  he  was  granted  the 
I  >.  degree  from  that  institution  in  1944,  and  the  AI.D.  from  the  Uni- 
V  vsity  of  California  School  of  Medicine  in  1947.  Dr.  Kleeman  has  held  the 
f(  lowing  positions;  Intern,  University  of  California  Service,  San  Francisco 
H  »spital  1947-48;  Assistant  Resident  in  Pathology,  Mallory  Institute, 

B  ston  City  Hospital,  1948-49;  Intermediate  Resident  in  Medicine,  New- 
h.  ton  Veterans  Administration  Hospital,  and  Fellow  in  Metabolism, 

\  le  University  1950-51. 

Associate  Chief,  Biochemistry  Unit.  Q.M.  Climatic  Research  Labora- 
tc  y,  Lawrence,  Massachusetts,  1851-53;  Lieutenant,  Medical  Corps, 
U  8.  Army,  1951-53;  Instructor  in  Medicine,  1953-55,  Assistant  Professor 
19 '>5-56,  Metabolic  Section,  Department  of  Medicine,  Yale  University 
Sciiool  of  Medicine;  Associate  Clinical  Professor  of  Medicine,  University 
of  California  Medical  School,  Los  Angeles,  1956-58;  Chief,  Metabolic 
Section,  Veterans  Administration  Hospital,  Los  Angeles,  California  1956  to 
present;  Associate  Professor  of  Medicine,  University  of  California  Medical 
C(‘nter,  Los  Angeles,  1959  to  present. 

During  the  last  ten  years.  Dr.  Kleeman  has  published  more  than  fifty 
reports  concerned  with  the  role  of  the  thyroid,  parathyroids,  adrenal  cortex 
and  neurohypophysis  in  controlling  water  and  electrolyte  metabolism  in 
human  beings  and  experimental  animals. 

During  the  year  beginning  July  1960,  Dr.  Kleeman  will  be  on  sabbatical 
leave.  He  will  continue  his  investigations  on  water  metabolism  in  the 
laboratory  of  Dr.  Hugh  Dawson,  Department  of  Physiology,  University 
College,  London,  England.  The  Upjohn  Scholarship  will  be  used  by  Dr. 
Kleeman  for  travel,  and  for  support  of  his  research  program  in  England. 

\  Citation  Presented  at  The  Endocrine  Society  Testimonial 
Dinner  in  Honor  of  Roy  Graham  Hoskins 

Presented  to  Roy  Graham  Hoskins,  Ph.D.,  M.D.  in  recognition  of  his 
outstanding  contributions  to  the  advancement  and  dissemination  of 
knowledge  of  the  glands  of  internal  secretion  and  in  appreciation  of  his 
great  labors  on  behalf  of  The  Endocrine  Society. 

A  pioneer  in  the  unfolding  role  of  the  endocrines  in  man’s  physical  and 
mental  well-being,  be  helped  found  a  science  and  give  substance  to  a  bright 
ne'A'  epic  in  medicine.  The  sound  guidance  he  gave  to  this  field,  especially 
during  its  formative  period,  was  of  crucial  importance.  To  these  endeavors 
he  brought  a  keen  and  critical  mind,  an  indomitable  courage,  boundless 
energy,  a  cheerful  spirit  and  farsighted  wisdom. 
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Hoy  Hoskins  rallied  interest  to  form  in  1917  the  Association  for  tli  > 
Study  of  Internal  Secretions,  later  to  become  The  Endocrine  Society.  I  i 
the  course  of  long  and  invaluable  service  to  this  Society  he  gave  helmsmaii- 
ship  to  its  destinies  as  president,  councilor  and  committeeman.  He  venture  ! 
the  inauguration  of  a  new  journal.  Endocrinology,  serving  as  its  editor 
for  twenty-five  years,  and,  in  addition,  significantly  influenced  the  founo- 
ing  of  The  Journal  of  Clinical  Endocrinology.  Striv'ing  skillfully  and  often 
singlehandedly  against  lingering  perversities,  he  handed  on  to  future 
generations  of  endocrinologists  two  journals  of  distinction  in  the  world  of 
science  and  medicine. 

To  Hoy  G.  Hoskins,  who  has  served  his  field  faithfully  and  well  as  scien¬ 
tist,  author,  editor,  hi.storian,  teacher,  friend  and  wise  counselor.  The 
Endocrine  Society  hereby  does  honor,  proudly  and  with  enduring  gratitude. 

1901  Annual  Meeting 

The  next  annual  meeting  of  The  Endocrine  Society  will  be  held  in  the 
Hotel  Biltmore,  New  York,  X.Y.  June  22-24,  1901. 

ANNOUNCEMENTS 

NOTICE 

The  Endocrinology  Study  Section,  National  Institutes  of  Health,  has 
the  following  highly  purified  radioactive  steroids  available  for  distribution 
free  to  qualified  investigators: 

Material  Specific  Activity 

7-*H  Aldo.'sterone  20 

7-’H  Cortisol  28 

Workers  may  obtain  supplies  of  these  steroids  by  writing  to: 

Dr.  H.  T.  Hill,  Executive  Secretary 
Endocrinology  Study  Section 
Division  of  Hesearch  Grants 
National  Institutes  of  Health 
Bethesda  14,  Maryland 

describing  briefly'  the  proposed  work  and  giving  an  estimate  of  the  amount 
of  .steroids  required.  Bequests  are  filled  as  promptly  as  possible  after  revit  w 
by  a  subcommittee.  These  steroids  are  prepared  and  distributed  under  a 
program  generously  supported  by  the  National  Institutes  of  Health. 

The.se  materials  are  stored  at  Tracerlab,  Inc.,  Waltham,  Ma.s.sachusetis. 
They  are  dispensed  in  .sealed  glass  ampules  containing  30  yc.  each,  and  in 
a  .solution  of  benzene  and  methanol. 

Shipments  will  be  made  from  Tracerlab,  Inc.,  and  the  recipient  will  be 
billed  by  them,  at  the  rate  of  $.5.00  per  ampule  for  handling  and  mailii  g. 

WOHCESTEH  FOUNDATION  FOB  EXPEHIMENTAL  BIOLO(  Y 

In  recognition  of  the  world-wide  need  for  scientific  training  in  repi  > 
ductive  physiology,  the  Worcester  Foundation  for  Experimental  Biolo  y 
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p  ms  to  initiate  on  January  1,  1901,  a  postdoctoral  program  in  this  field 
lider  a  grant  from  the  Population  Council. 

Fellowships  for  the  program  will  be  awarded  to  candidates  possessing 
t;  ‘  Ph.l).,  M.D.,  or  their  equivalents.  These  Fellowships  will  carry  a  stipend 
0  85,500  per  annum  and  will  be  for  a  twelve  month  period.  An  allotment 
V  il  also  be  made  for  round-trip  travel  to  Shrewsbury,  Massachusetts. 
A  plication  blanks  may  be  secured  from  the  Research  Director  of  the 
\\  )rcester  Foundation  for  Experimental  Biology,  and  should  be  returned 
a'  an  early  date.  They  will  be  processed  by  a  selection  committee  of  ex- 
p(  ts,  and  the  Fellowship  awards  for  the  first  jear  will  be  announced  late 
il!  1900.  Applicants  for  participation  in  the  program  in  1902  and  later 
vt  iis  may  communicate  with  the  Director  at  any  time,  but  their  applica- 
ti(  ns  will  not  be  acted  upon  in  1900. 

The  program  will  consist  of  a  course  of  lectures  and  laboratory  work. 
Daring  the  latter  part  of  the  year  each  F'ellow  will  have  the  opportunity 
to  participate  in  a  research  project  pertinent  to  his  interests  and  within  the 
capacity  of  the  program. 

The  lecture  series  will  be  given  by  the  Program  Director,  various  mem¬ 
bers  of  the  staff  of  the  Worcester  Foundation,  and  guest  experts.  The 
lectures  and  accompanying  laboratory  work  will  cover  various  phases  of 
reproductive  processes,  particularly  in  mammals.  Subjects  to  be  treated 
will  involve  a  review  of  reproductive  processes  in  the  male,  including  consid¬ 
eration  of  spermatogenesis,  hormonogenesis,  the  control  of  testis  function, 
and  the  functional  endocrinology  of  testis  hormones.  Extensiv'e  attention 
will  l)e  given  to  oogene.sis,  ovulation,  and  fertilization  in  the  female,  factors 
affecting  the  entire  course  of  pregnancj’  and  embry  onic  development,  as 
well  as  the  postnatal  physiology  of  the  female.  Additional  topics  will  in¬ 
clude  the  role  of  extra-reproductive  tract  organs  in  reproductive  processes, 
genetic  and  nutritive  factors  in  reproduction,  and  the  control  of  fertility 
I  and  sterility. 

I  Laboratory  exercises  will  include  the  study  of  characteristic  reproductive 
I  phenomena  in  various  species,  analytic  procedures  employed  in  determin¬ 
ing  the  chemistry  of  reproductive  organs,  the  biochemistry'  of  spermatozoa 
and  ova,  and  hormone  analyses  pertinent  to  gonad  function,  to  sex  cycles, 
to  gestation  and  lactation. 

TERATOLOGY  SOCIETY 

For  several  years  scientists  interested  in  basic  problems  of  congenital 
malformations  have  held  informal  conferences  in  which  questions  of  com¬ 
mon  interest  were  discussed.  Anatomists,  biochemists,  embryologists, 
geneticists,  obstetricians,  pathologists,  pediatricians,  plastic  surgeons  and 
otl  ers  attended  these  conferences  which  were  in  part  .supported  by  the 
.\s  ociation  for  the  Aid  of  Crippled  Children,  New  York,  N.  Y.,  and  the 
IliHuan  Fimbryology  and  Development  Study  Section  of  the  National 
Imtitutes  of  Health.  With  the  increased  interest  in  recent  vears  in  this 
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area,  it  was  felt  that  there  was  a  need  for  a  Society  to  hold  regular  meetiiif  > 
in  which  investigations  concerned  with  etiology  and  morphogenesis  <  f 
congenital  malformations  could  be  presented  and  discussed.  Following  tl  e 
fourth  teratology  conference,  which  was  held  at  the  Memorial  Sloai  - 
Kettering  Cancer  Center  in  New  York  City  and  attended  by  76  scientis  s 
from  Canada,  England,  France,  Germany  and  the  U.S.A.,  “The  Teratolo^  v 
Society”  was  formed  for  the  purposes  outlined  above.  The  following  ofli- 
cers  were  elected:  President:  Josef  Warkanj’,  M.D.,  Cincinnati,  0  ; 
President-Elect:  James  G.  Wilson,  Ph.D.,  Gainesville,  Fla.;  Secretar  - 
Trea.surer:  Marjorie  M.  Nelson,  Ph.D.,  San  Francisco,  Calif.;  Recorder: 
Sidnej’  Q.  Cohlan,  M.D.,  New  York,  N.  Y.;  Council:  F.  Clarke  Fra.scr, 
Ph.D.,  M.D.,  Montreal,  Canada,  David  L.  Gunberg,  Ph.D.,  Portland, 
Ore.,  and  M.  Lois  Murphy,  M.D.,  New  York,  N.  Y.  The  National  Founda¬ 
tion  assisted  in  the  formation  of  the  Society  with  advice  and  financial  aid. 
Inquiries  about  The  Tetratology  Society  should  be  directed  to  Dr.  Marjorie 
M.  Nelson,  Department  of  Anatomy,  School  of  Medicine,  Universitj’  of 
California,  San  Francisco  22,  Calif. 

AMERICAN  DAIRY  SCIENCE  ASSOCIATION 
The  Effect  of  Germ  Cell  Damage  on  Animal  Reproduction 

Papers  of 

The  Fourth  Biennial  Symposium  on  Animal  Reproduction 
will  be  published  as  a 
Supplement  to  Journal  of  Dairy  Science 
Volume  43,  April,  1960 

This  168-page  issue  consisting  of  eight  papers  by  internationally  recog¬ 
nized  authorities  will  be  available  in  May,  1960,  at  a  postpaid  price  of 
.S2.o0  per  copy.  Payment  to  be  .sent  with  order  to 

H.  F.  Judkins 
32  Ridgeway  Circle 
White  Plains,  N.  Y. 

6TII  INTERNATIONAL  CONGRESS  OF  INTERNAL  MEDICINE 

The  6th  International  Congress  of  Internal  Medicine  will  be  held  in 
Basel,  Switzerland,  August  24-27,  1960. 

All  correspondence  should  be  addressed  to: 

Sekretariat 

6.  Internationaler  Kongre.ss  fiir  Innere  Medizin 
Steinentorstrasse  13 
Basel  (Schweiz) 


